EP 2 573 955 A2

(1 9) Europdisches
: Patentamt

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

EP 2 573 955 A2

European
Patent Office

Office européen

des brevets (1 1 )

(43) Date of publication:
27.03.2013 Bulletin 2013/13

(21) Application number: 11783746.8

(22) Date of filing: 17.05.2011

(51) IntCl.:
HO04B 7/14 (2006.01) HO04J 11/00 (2006.07)
HO4W 72104 (2009.01) HO4B 7/26 (2006.07)

(86) International application number:
PCT/KR2011/003626

(87) International publication number:
WO 2011/145864 (24.11.2011 Gazette 2011/47)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 08.10.2010 US 391078 P
25.08.2010 US 376694 P
25.08.2010 US 376680 P
28.07.2010 US 368638 P
21.07.2010 US 366521 P
24.06.2010 US 358380 P
18.06.2010 US 356547 P
17.05.2010 US 345574 P

(71) Applicant: LG Electronics Inc.
Seoul 150-721 (KR)

(72) Inventors:
e SEO, Hanbyul
Anyang-si
Gyeonggi-do 431-080 (KR)
¢ KIM, Byounghoon
Anyang-si
Gyeonggi-do 431-080 (KR)
¢ KIM, Kijun
Anyang-si
Gyeonggi-do 431-080 (KR)
¢ KIM, Hakseong
Anyang-si
Gyeonggi-do 431-080 (KR)

(74) Representative: Katérle, Axel
Wuesthoff & Wuesthoff
Patent- und Rechtsanwailte
SchweigerstraBe 2
81541 Miinchen (DE)

(54) METHOD AND APPARATUS FOR TRANSMITTING AND RECEIVING DOWNLINK CONTROL

INFORMATION FOR REPEATER

(67)  The presentinvention relates to a wireless com-
munication system, and more specifically to a method
and an apparatus for transmitting and receiving downlink
control information for a repeater. The method of a re-
peaterreceiving the downlink controlinformation through
an R-PDCCH from a base station according to one em-
bodiment of the present invention comprises the steps
of: determining a candidate location on which an R-PD-
CCHis transmitted at first and second slots of a downlink
sub-frame; monitoring whether the R-PDCCH is trans-
mitted on the determined candidate location; and receiv-
ing the downlink control information included in the R-
PDCCH when the transmission of the R-PDCCH is mon-
itored, wherein the R-PDCCH candidate location is set
as a VRB set including VRBs of N number and a candi-
date location of one R-PDCCH for a high combination
level can be composed of a combination of two adjacent
candidate locations of the R-PDCCH candidate locations
for a low combination level.

FIG. 28

determine candidate R-PDCCH position |—\~ S2810

|
|/V $2820

‘ monitor R-PDCCH
|——S52830

receive DL control information
through R-PDCCH

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 573 955 A2
Description
[Technical Field]

[0001] The following description relates to a wireless communication system and more particularly to a method and
apparatus for transmitting and receiving downlink control information of a relay (or Relay Node (RN)).

[Background Art]

[0002] FIG. 1 illustrates a relay node (RN) 120 and User Equipments (UEs) 131 and 132 that are present in an area
of a single base station or eNode B (eNB) 110 in a wireless communication system 100. The RN 120 may deliver data
received from the eNodeB 110 to the UE 132 in the area of the RN 120 and deliver data received from the UE 132 in
the area of the RN 120 to the eNodeB 110. In addition, the RN 120 may support extension of a high data rate area, an
increase in the communication quality of a cell edge, and provision of communication to an area outside a service area
of the eNodeB or the inside of a building. FIG. 1 illustrates that a UE such as the UE 131 which receives a service directly
from the eNodeB (hereinafter referred to as a Macro-UE or M-UE) or a UE such as the UE 132 which receives a service
from the RN 120 (hereinafter referred to as a Relay-UE or R-UE).

[0003] A radio link between an eNodeB and an RN is referred to as a backhaul link. A link from an eNodeB to an RN
is referred to as a backhaul downlink and a link from an RN to an eNodeB is referred to as a backhaul uplink. A radio
link between an RN and a UE is referred to as an access link. A link from an RN to a UE is referred to as an access
downlink and a link from a UE to an RN is referred to as an access uplink.

[Disclosure]
[Technical Problem]

[0004] The eNodeB may transmit downlink control information (DCI) of the RN to the RN through an RN-physical
downlink control channel (PDCCH) in a backhaul downlink subframe. The DCI transmitted through the PDCCH may
include downlink (DL) assignment information indicating resource allocation of downlink to the RN and uplink (UL) grant
information resource allocation of uplink from the RN.

[0005] Anobjectofthe presentinventionisto provide a method for efficiently transmitting downlink allocation information
and uplink grant information of a relay (or Relay Node (RN)) in a backhaul downlink subframe. Another object of the
present invention is to provide a method for efficiently determining a search space that is set for R-PDCCH detection
by a relay.

[0006] Objects of the present invention are not limited to those described above and other objects will be clearly
understood by a person having ordinary knowledge in the art from the following description.

[Technical Solution]

[0007] In order to solve the above problem, a method for a relay to receive downlink control information from a base
station through a Relay-Physical Downlink Control Channel (R-PDCCH) according to an embodiment of the present
invention may include determining a candidate position at which the R-PDCCH is transmitted in a first slot and a second
slot of a downlink subframe, monitoring whether or not the R-PDCCH is being transmitted at the determined candidate
position, and receiving, upon determining through the monitoring that the R-PDCCH is being transmitted, the downlink
control information included in the R-PDCCH, wherein the candidate R-PDCCH position may be set as a Virtual Resource
Block (VRB) set including N VRBs and one candidate R-PDCCH position of a higher aggregation level may include a
combination of 2 adjacent candidate positions among candidate R-PDCCH positions of a lower aggregation level.
[0008] In order to solve the above problem, a relay for performing downlink signal in a wireless communication system
according to another embodiment of the present invention may include a reception module for receiving a downlink
signal from a base station, a transmission module for transmitting an uplink signal to the base station, and a processor
for controlling the relay including the reception module and the transmission module, wherein the processor may be
configured to determine a candidate position at which a Relay-Physical Downlink Control Channel (R-PDCCH) is trans-
mitted in a first slot and a second slot of a downlink subframe, to monitor whether or not the R-PDCCH is being transmitted
at the determined candidate position, and to receive, upon determining through the monitoring that the R-PDCCH is
being transmitted, the downlink control information included in the R-PDCCH through the reception module, wherein
the candidate R-PDCCH position may be set as a Virtual Resource Block (VRB) set including N VRBs and one candidate
R-PDCCH position of a higher aggregation level may include a combination of 2 adjacent candidate positions among
candidate R-PDCCH positions of a lower aggregation level.



10

15

20

25

30

35

40

45

50

55

EP 2 573 955 A2

[0009] The following features may be commonly applied to the embodiments according to the present invention.
[0010] The VRBs of the VRB set may be assigned numbers {n,, ny, ..., ny_4}, starting from a lowest VRB index and
ending with a highest VRB index and respective candidate R-PDCCH positions of aggregation levels L may be determined
as VRBs of {ng, ny, ..., N4} ANy, NLaqs o Moy, {Nor, Nopeny <o N3l o NN NGy -0 NG

[0011] The R-PDCCH may not be interleaved with another R-PDCCH.

[0012] The candidate R-PDCCH position may be determined according to distributed VRB-to-Physical Resource Block
(PRB) mapping.

[0013] The VRB set and the VRB-to-PRB mapping may be set by a higher layer signal.

[0014] The downlink control information may be downlink allocation information included in an R-PDCCH transmitted
in the first slot or uplink grant information included in an R-PDCCH transmitted in the second slot.

[0015] The same VRB set may be set in the first slot and the second slot of the downlink subframe.

[0016] It is to be understood that both the foregoing general description and the following detailed description of the
present invention are exemplary and explanatory and are intended to provide further explanation of the invention as
claimed.

[Advantageous Effects]

[0017] Accordingtothe presentinvention, itis possible to provide amethod for efficiently transmitting downlink allocation
information and uplink grant information of a relay (or Relay Node (RN)) in a backhaul downlink subframe. In addition,
according to the present invention, it is possible to provide a method for efficiently determining a search space that is
set for R-PDCCH detection by a relay.

[0018] Advantages of the present invention are not limited to those described above and other advantages will be
clearly understood by a person having ordinary knowledge in the art from the following description.

[Description of Drawings]

[0019] The accompanying drawings, which are included to provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illustrate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In the drawings:

FIG. 1 illustrates a wireless communication system including an eNodeB, an RN, a UE;

FIG. 2 illustrates a structure of a radio frame used in a 3GPP LTE system;

FIG. 3 illustrates a resource grid in a downlink slot;

FIG. 4 illustrates a structure of a downlink subframe;

FIG. 5 illustrates a structure of an uplink subframe;

FIG. 6 illustrates a configuration of a wireless communication system;

FIG. 7 illustrates a downlink reference signal pattern defined in a 3GPP LTE system;

FIG. 8 illustrates reference signal transmission in an uplink subframe;

FIG. 9 illustrates exemplary implementation of transmission and reception functions of an FDD mode RN;

FIG. 10 illustrates an example of RN resource division;

FIG. 11 illustrates a downlink resource allocation type;

FIG. 12 illustrates a mapping relationship between VRB indices and PRB indices;

FIG. 13 illustrates an example in which a downlink allocation and an uplink grant are transmitted in a single backhaul
downlink subframe;

FIG. 14 illustrates an example in which interleaving is applied to an R-PDCCH,;

FIG. 15 illustrates an example in which interleaving having the same structure is applied to a downlink allocation
and an uplink grant;

FIG. 16 illustrates an example in which one R-PDCCH is transmitted using one RB when one RBG includes 4 RBs;
FIG. 17 illustrates an example in which the aggregation level is n such that one R-PDCCH is transmitted using a
plurality of RBs (n RBs);

FIG. 18 illustrates an example in which an RBG set allocated to a search space of a higher aggregation level is
constructed of a subset of an RBG set allocated to a search space of a lower aggregation level;

FIG. 19 illustrates RBGs that are allocated to the search spaces of aggregation levels 1, 2, and 4;

FIGs. 20 and 21 illustrate a method for configuring an R-PDCCH search space according to the present invention;
FIGs. 22 and 23 illustrate RBs allocated to an R-PDCCH search space;

FIGs. 24 to 27 illustrate a method for configuring an R-PDCCH search space according to the present invention;
FIG. 28 is a flowchart illustrating an exemplary method for transmitting and receiving an R-PDCCH; and

FIG. 29 illustrates a configuration of an RN according to an embodiment of the present invention.
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[Best Mode]

[0020] Theembodiments described below are provided by combining components and features of the presentinvention
in specific forms. The components or features of the presentinvention can be considered optional unless explicitly stated
otherwise. The components or features may be implemented without being combined with other components or features.
The embodiments of the present invention may also be provided by combining some of the components and/or features.
The order of the operations described below in the embodiments of the present invention may be changed. Some
components or features of one embodiment may be included in another embodiment or may be replaced with corre-
sponding components or features of another embodiment.

[0021] The embodiments of the present invention have been described focusing mainly on the data communication
relationship between a terminal and a Base Station (BS). The BS is a terminal node in a network which performs
communication directly with the terminal. Specific operations which have been described as being performed by the BS
may also be performed by an upper node as needed.

[0022] Thatis, it will be apparent to those skilled in the art that the BS or any other network node may perform various
operations for communication with terminals in a network including a number of network nodes including BSs. Here, the
term "base station (BS)" may be replaced with another term such as "fixed station", "Node B", "eNode B (eNB)", or
"access point". The term "relay" may be replaced with another term "Relay Node (RN)" or "Relay Station (RS)". The
term "terminal" may also be replaced with another term such as "User Equipment (UE)", "Mobile Station (MS)", "Mobile
Subscriber Station (MSS)", or "Subscriber Station (SS)".

[0023] Specific terms used in the following description are provided for better understanding of the present invention
and can be replaced with other terms without departing from the spirit of the present invention.

[0024] In some instances, known structures and devices are omitted or shown in block diagram form, focusing on
important features of the structures and devices, so as not to obscure the concept of the present invention. The same
reference numbers will be used throughout this specification to refer to the same or like parts.

[0025] The embodiments of the present invention can be supported by standard documents of at least one of the IEEE
802 system, the 3GPP system, the 3GPP LTE system, the LTE-Advanced (LTE-A) system, and the 3GPP2 system
which are wireless access systems. That is, steps or portions that are not described in the embodiments of the present
invention for the sake of clearly describing the spirit of the present invention can be supported by the standard documents.
For all terms used in this disclosure, reference can be made to the standard documents.

[0026] Technologies described below canbe used invarious wireless access systems such as a Code Division Multiple
Access (CDMA) system, a Frequency Division Multiple Access (FDMA) system, a Time Division Multiple Access (TDMA)
system, an Orthogonal Frequency Division Multiple Access (OFDMA) system, and a Single Carrier Frequency Division
Multiple Access (SC-FDMA) system. CDMA may be implemented with a radio technology such as Universal Terrestrial
Radio Access (UTRA) or CDMA2000. TDMA may be implemented with a radio technology such as Global System for
Mobile communication (GSM), General Packet Radio Service (GPRS), or Enhanced Data rates for GSM Evolution
(EDGE). OFDMA may be implemented with a radio technology such as IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, or Evolved-UTRA (E-UTRA). UTRA is a part of Universal Mobile Telecommunication System (UMTS). 3rd
Generation Partnership Project (3GPP) Long Term Evolution (LTE) is a part of Evolved-UMTS (E-UMTS) that uses E-
UTRA. 3GPP LTE employs OFDMA for downlink and employs SC-FDMA for uplink. LTE-Advanced (LTE-A) is an
evolution of 3GPP LTE. WiMAX can be explained by IEEE 802.16e standard (WirelessMAN-OFDMA Reference System)
and advanced IEEE 802.16m standard (WirelessMAN-OFDMA advanced system). Although the present invention will
be described below mainly with reference to 3GPP LTE and 3GPP LTE-A systems for the sake of clarification, the
technical spirit of the present invention is not limited to the 3GPP LTE and LTE-A systems.

[0027] FIG. 2 illustrates the structure of a radio frame used in the 3GPP LTE system. A radio frame includes 10
subframes and each subframe includes 2 slots in the time domain. A unit time in which one subframe is transmitted is
defined as a Transmission Time Interval (TTI). For example, one subframe may have a length of 1ms and one slot may
have a length of 0.5ms. One slot may include a plurality of OFDM symbols in the time domain. Because the 3GPP LTE
system uses OFDMA in downlink, an OFDM symbol represents one symbol period. One symbol may be referred to as
an SC-FDMA symbol or a symbol period in uplink. A Resource Block (RB) is a resource allocation unit which includes
a plurality of consecutive subcarriers in a slot. This radio frame structure is purely exemplary. Thus, the number of
subframes included in a radio frame, the number of slots included in a subframe, or the number of OFDM symbols
included in a slot may vary in various ways.

[0028] FIG. 3 illustrates a resource grid in a downlink slot. Although one downlink slot includes 7 OFDM symbols in
the time domain and one RB includes 12 subcarriers in the frequency domain in the example of FIG. 3, the present
invention is not limited to this example. For example, one slot may include 6 OFDM symbols when extended CPs are
applied while one slot includes 7 OFDM symbols when normal Cyclic Prefixes (CPs) are applied. Each element on the
resource grid is referred to as a resource element (RE). One resource block (RB) includes 12x7 resource elements. The
number of RBs (NDL) included in one downlink slot is determined based on a downlink transmission bandwidth. The
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structure of the uplink slot may be identical to the structure of the downlink slot.

[0029] FIG. 4 illustrates the structure of a downlink subframe. Up to the first 3 OFDM symbols of a first slot within one
subframe correspond to a control area to which a control channel is allocated. The remaining OFDM symbols correspond
to a data area to which a Physical Downlink Shared Channel (PDSCH) is allocated. Downlink control channels used in
the 3GPP LTE system include, for example, a Physical Control Format Indicator Channel (PCFICH), a Physical Downlink
Control Channel (PDCCH), and a Physical Hybrid automatic repeat request Indicator Channel (PHICH). The PCFICH
is transmitted in the first OFDM symbol of a subframe and includes information regarding the number of OFDM symbols
used to transmit a control channel in the subframe. The PHICH includes a HARQ ACK/NACK signal as a response to
uplink transmission. Control information transmitted through the PDCCH is referred to as Downlink Control Information
(DCI). The DCI includes uplink or downlink scheduling information or includes an uplink transmission power control
command for a UE group. The PDCCH may include a resource allocation and transmission format of a Downlink Shared
Channel (DL-SCH), resource allocation information of an Uplink Shared Channel (UL-SCH), paging information of a
Paging Channel (PCH), system information of the DL-SCH, information regarding resource allocation of a higher layer
control message such as a Random Access Response (RAR) that is transmitted in the PDSCH, a set of transmission
power control commands for individual UEs in a UE group, transmission power control information, and information
regarding activation of Voice over IP (VolP). A plurality of PDCCHs may be transmitted within the control area. The UE
may monitor the plurality of PDCCHs. The PDCCHs are transmitted in an aggregation of one or more consecutive Control
Channel Elements (CCEs). Each CCE is a logical allocation unit that is used to provide the PDCCHs at a coding rate
based on the state of a radio channel. The CCE corresponds to a plurality of resource element groups. The format of
the PDCCH and the number of available bits are determined based on a correlation between the number of CCEs and
a coding rate provided by the CCEs. The number of CCEs that are used to transmit a PDCCH is referred to as an
aggregation level. The CCE aggregation level is a CCE unit for searching for a PDCCH. The size of the CCE aggregation
level is defined as the number of adjacent CCEs. For example, the CCE aggregation level may be 1, 2, 4, or 8.

[0030] The base station (eNB) determines the PDCCH format according to a DCI that is transmitted to the UE, and
adds a Cyclic Redundancy Check (CRC) to control information. The CRC is masked with a Radio Network Temporary
Identifier (RNTI) according to the owner or usage of the PDCCH. If the PDCCH is associated with a specific UE, the
CRC may be masked with a cell-RNTI (C-RNTI) of the UE. If the PDCCH is associated with a paging message, the CRC
may be masked with a paging indicator identifier (P-RNTI). If the PDCCH is associated with system information (more
specifically, a system information block (SIB)), the CRC may be masked with a system information identifier and a system
information RNTI (SI-RNTI). To indicate a random access response that is a response to transmission of a random
access preamble from the UE, the CRC may be masked with a random access-RNTI (RA-RNTI).

[0031] FIG. 5 illustrates the structure of an uplink subframe. The uplink subframe may be divided into a control area
and a data areain the frequency domain. A Physical Uplink Control Channel (PUCCH) including uplink control information
is allocated to the control area. A Physical Uplink Shared Channel (PUSCH) including user data is allocated to the data
area. In order to maintain single carrier properties, one UE does not simultaneously transmit the PUCCH and the PUSCH.
A PUCCH associated with one UE is allocated to an RB pair in a subframe. RBs belonging to the RB pair occupy different
subcarriers in two slots. That is, the RB pair allocated to the PUCCH is "frequency-hopped" at a slot boundary.

Modeling of Multi-Input Multi-Output (MIMO) System

[0032] FIG. 6 is a diagram showing the configuration of a wireless communication system having multiple antennas.
[0033] AsshowninFIG. 6(a), ifthe number of transmit antennas is increased to Nt and the number of receive antennas
is increased to Ng, a theoretical channel transmission capacity is increased in proportion to the number of antennas
unlike when a plurality of antennas is used only in a transmitter or a receiver. Accordingly, it is possible to improve
transfer rate and to remarkably improve frequency efficiency. As the channel transmission capacity is increased, the
transfer rate may be theoretically increased by the product of the maximum transfer rate Ry when a single antenna is
used and a rate increase ratio R;.

Expression 1
R =min(N,,N,)

[0034] For example, in an MIMO system using four transmit antennas and four receive antennas, it is possible to
theoretically acquire a transfer rate which is four times that of a single antenna system. After theoretical capacity increase
of the multi-antenna system was proven in the mid-90s, various technologies for actually improving data transfer rate
have been vigorously studied. In addition, some of such technologies have already been applied to various wireless
communication standards such as third-generation mobile communication and next-generation wireless LAN.
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[0035] Multi-antenna related studies have been conducted in various aspects, such as study of information theory
associated with multi-antenna communication capacity calculation in various channel environments and multiple access
environments, study of wireless channel measurement and model derivation of a multi-antenna system, study of time-
space processing technology for improving transfer rate.
[0036] The communication method of the MIMO system will be described in more detail using mathematical modeling.
In the above system, it is assumed that N transmit antennas and Ny receive antennas are present.

[0037] The maximum number of pieces of information that can be transmitted through transmission signals is N if Nt
transmit antennas are present. The transmitted information may be expressed as follows.

Expression 2

- T

[0038] The transmitted information S1 s S2 5" SNT may have different transmission powers. If the respective

transmission powers are E > Pz 5" "7 PNT the transmitted information with adjusted powers may be expressed
14

as follows.
Expression 3
S= [§1’§2""’§NT]T = [PlSl’PzSza'”’PNTSNT]T
[0039] In addition, S may be expressed using a diagonal matrix P of the transmission powers as follows.

Expression 4

A o Ts
P Ky
S = > 2 |=Ps
0 Py |l sw,

0040] Let us consider that the Nt actually transmitted signals xl ’ x2 57 T xN are configured by applying a
T T

weight matrix W to the information vector S with the adjusted transmission powers. The weight matrix W serves to
appropriately distribute the transmitted information to each antenna according to the state of a transport channel or the

like. X715 X5 " xNT may be expressed using the vector X as follows.

Expression 5

X Wy o W o Wiy S
Xy Wy o Wy ot Wy 15
X = = . |=Ws=WPs
X Wi Wis o Wi 5,
v | (Wt W2 0 W, || S |

where W;; denotes a weight between an i-th transmit antenna and j-th information. W is also referred to as a precoding
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matrix.

[0041] If NR receive antennas are present, respective received signals yl ) yza Ty yNR of the antennas are

expressed as follows.

Expression 6

y:[)'pyz”"’)’NR]r

[0042] If channels are modeled in the MIMO wireless communication system, the channels may be distinguished
according to transmit and receive antenna indexes. Let hij represent a channel from the transmit antenna j to the receive
antenna i. Note that the indexes of the receive antennas precede the indexes of the transmit antennas in hy.

[0043] FIG. 6(b) is a diagram showing channels from the Nt transmit antennas to the receive antennai. The channels
may be combined and expressed in the form of a vector and a matrix. In FIG. 6(b), the channels from the Nt transmit
antennas to the receive antenna i may be expressed as follows.

Expression 7

h?:[hil’hiZ""’hiNT]

[0044] Accordingly, all the channels from the Nt transmit antennas to the Ny receive antennas may be expressed as
follows.

Expression 8

_h;r | _hll hm huvT |

hg hm h22 thT
H=|" _| R

hiT hil hi2 hiNT

_h:R i __h'NRI hNRZ o hNRNT i

[0045] An Additive White Gaussian Noise (AWGN) is added to the actual channels after the channels undergo a

channel matrix H. The AWGN n1 s ng " nNR added to the Ny transmit antennas may be expressed as follows.

Expression 9
n= [”1’"2a”"”NR]T

[0046] Through the above-described mathematical modeling, the received signals may be expressed as follows.
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Expression 10

N hy hy hm, X n
Y2 hy  hyo e hszT X n,
_ : _ : . : N :  Hxi
y Yi hy h, o h "

iNg j i

| Vv | _hNRl hNRZ h’NRNT__'xNT_ | Py |

[0047] The number of rows and columns of the channel matrix H indicating the channel state is determined by the
number of transmit and receive antennas. The number of rows of the channel matrix H is equal to the number Ng of
receive antennas and the number of columns thereof is equal to the number N of transmit antennas. That is, the channel
matrix H is an Ng X Nt matrix.

[0048] The rank of the matrix is defined as the smallest number of rows or columns which are independent of each
other. Accordingly, the rank of the matrix cannot be greater than the number of rows or columns of the matrix. The rank
rank(H) of the channel matrix H is restricted as follows.

Expression 11
rank(H) < min(N,, N, )

[0049] When the matrix is subjected to Eigen value decomposition, the rank may be defined as the number of Eigen
values excluding 0. Similarly, the rank may also be defined as the number of singular values excluding 0 when the matrix
is subjected to singular value decomposition. Accordingly, the physical meaning of the rank in the channel matrix may
be considered the maximum number of different pieces of information that can be transmitted in a given channel.

Reference Signal (RS)

[0050] Inawireless communication system, a signal may be distorted during transmission since packets are transmitted
through a radio channel. In order to enable a receiving side to correctly receive the distorted signal, distortion of the
received signal should be corrected using channel information. A method of transmitting a signal, of which both the
transmitting side and the receiving side are aware, and determining channel information using the degree of distortion
that has occurred when the signal is received through a channel is mainly used to determine the channel information.
This signal is referred to as a pilot signal or a reference signal (RS).

[0051] When data is transmitted and received using multiple antennas, channel states between the transmit antennas
and the receive antennas should be determined to correctly receive the signal. Accordingly, an individual RS should be
present for each transmit antenna.

[0052] A downlink RS is classified into a Common RS (CRS) shared among all UEs in a cell and a Dedicated RS
(DRS) only for a specific UE. Information for channel estimation and demodulation may be provided using such RSs.
[0053] The receiving side (UE) may estimate the state of a channel from the CRS and may feed an indicator associated
with the quality of the channel, such as a Channel Quality Indicator (CQl), a Precoding Matrix Index (PMI) and/or a Rank
Indicator (RI), back to the transmitting side (eNodeB). The CRS may also be referred to as a cell-specific RS. Alternatively,
an RS associated with the feedback of Channel State Information (CSI) such as CQI/PMI/RI may be separately defined
as a CSI-RS.

[0054] The DRS may be transmitted through REs when data demodulation of a PDSCH is necessary. The UE may
receive information indicating the presence or absence of the DRS from a higher layer and receive information as to
whether or not the DRS is valid only when a PDSCH is mapped to the DRS. The DRS may also be referred to as a
UE-specific RS or a Demodulation RS (DMRS).

[0055] FIG. 7 is a diagram showing a pattern of mapping of CRSs and DRSs onto a downlink RB pair defined in the
existing 3GPP LTE system (e.g., Release-8). The downlink RB pair as a mapping unit of the RSs may be expressed in
units of one subframe on the time domain X 12 subcarriers on the frequency domain. That is, on the time axis, one RB
pair has a length of 14 OFDM symbols in the case of the normal CP (FIG. 7(a)) and has a length of 12 OFDM symbols
in the case of the extended CP (FIG. 7(b)).

[0056] FIG. 7 shows the locations of RSs on an RB pair in the system in which an eNodeB supports four transmit
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antennas. In FIG. 7, Resource Elements (REs) denoted by "0", "1", "2" and "3" indicate the locations of CRSs of the
antenna port indexes 0, 1, 2 and 3, respectively. In FIG. 7, the RE denoted by "D" indicates the location of a DRS.
[0057] Hereinafter, the CRS will be described in detail.

[0058] The CRS is used to estimate the channel of a physical antenna and is distributed over the entire band as an
RS which can be commonly received by all UEs located within a cell. The CRS may be used for CSI acquisition and
data demodulation.

[0059] The CRSis defined in various formats according to the antenna configuration of the transmitting side (eNodeB).
The 3GPP LTE (e.g., Release-8) system supports various antenna configurations, and a downlink signal transmitting
side (eNodeB) has three antenna configurations such as a single antenna, two transmit antennas and four transmit
antennas. When the eNodeB performs single-antenna transmission, RSs for a single antenna port are arranged. When
the eNodeB performs two-antenna transmission, RSs for two antenna ports are arranged according to a Time Division
Multiplexing (TDM) and/or Frequency Division Multiplexing (FDM) scheme. That is, RSs for two antenna ports are
arranged in different time resources and/or different frequency resources such that the RSs for the two antenna ports
can be distinguished from each other. In addition, when the eNodeB performs four-antenna transmission, RSs for four
antenna ports are arranged according to the TDM/FDM scheme. The channel information estimated by the downlink
signal receiving side (UE) through the CRSs may be used to demodulate data transmitted using a transmission scheme
such as single antenna transmission, transmit diversity, closed-loop spatial multiplexing, open-loop spatial multiplexing,
or Multi-User MIMO (MU-MIMO).

[0060] When RSs are transmitted through a certain antenna port in the case in which multiple antennas are supported,
the RSs are transmitted at the locations of REs specified according to the RS pattern and no signal is transmitted at the
locations of REs specified for another antenna port.

[0061] The rule of mapping the CRSs to the RBs is defined by Expression 12.

Expression 12

k=6m+(v+v,, )mod6
0,N2 -3 if pefo1}

Z — symb

1 if pef23)}
m = O,l,...,2-NRD§ -1
m' =m+ NPt - NP

0 if p=0and/=0
3 if p=0and/=#0
3 if p=land/=0
0 if p=land/=0
3(n, mod 2) it p=2
3+3(n,mod2) if p=3

_ cell
Veir =NV mod 6

[0062] In Expression 12, k denotes a subcarrier index, 1 denotes a symbol index, and p denotes an antenna port
index. ND)fnb denotes the number of OFDM symbols of one downlink slot, Nﬁé denotes the number of RBs allocated

11
to the downlink, ng denotes a slot index, and N;Z denotes a cell ID. "mod" indicates a modulo operation. The location

of the RS in the frequency domain depends on a value V. Since the value Vg, depends on the cell ID, the location
of the RS has a frequency shift value which is different for each cell.
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[0063] More specifically, in order to increase channel estimation performance through the CRSs, the locations of the
CRSs in the frequency domain may be shifted so as to be changed according to the cells. For example, if RSs are
located at intervals of three subcarriers, RSs may be arranged at 3k-th subcarriers in one cell while RSs may be arranged
at (3k+1)-th subcarriers in another cell. From the viewpoint of one antenna port, RSs are arranged at intervals of 6 REs
(that is, at intervals of 6 subcarriers) in the frequency domain while being separated from REs, on which RSs allocated
to another antenna port are arranged, by 3 REs in the frequency domain.

[0064] In addition, power boosting may be applied to CRSs. Power boosting indicates that power of REs other than
REs allocated for RSs among the REs of one OFDM symbol is used to transmit RSs with higher power.

[0065] In the time domain, RSs are arranged at specific time intervals, starting from a symbol index (1=0) of each slot.
The time interval between each RS is defined differently according to the CP length. RSs are located at symbol indexes
0 and 4 of the slot in the case of the normal CP and are located at symbol indexes 0 and 3 of the slot in the case of the
extended CP. RSs for only up to two antenna ports are defined in one OFDM symbol. Accordingly, in the case of
four-transmit antenna transmission, RSs for the antenna ports 0 and 1 are located at symbol indexes 0 and 4 (symbol
indexes 0 and 3 in the case of the extended CP) of the slot and RSs for the antenna ports 2 and 3 are located at the
symbol index 1 of the slot. The frequency locations of the RSs for the antenna ports 2 and 3 in the frequency domain
are switched with each other in the second slot.

[0066] In order to support spectrum efficiency higher than that of the existing 3GPP LTE (e.g., Release-8) system, a
system (e.g., an LTE-A system) having an extended antenna configuration may be designed. The extended antenna
configuration may be, for example, an 8-transmit-antenna configuration. A system having the extended antenna config-
uration needs to support UEs which operate in the existing antenna configuration, that is, needs to support backward
compatibility. Accordingly, it is necessary to support an RS pattern according to the existing antenna configuration and
to design a new RS pattern for an additional antenna configuration. If CRSs for new antenna ports are added to the
system having the existing antenna configuration, there is a problem in that RS overhead is significantly increased,
thereby reducing data transfer rate. In consideration of such circumstances, an LTE-A (Advanced) system which is an
evolution of the 3GPP LTE system may adopt additional RSs (CSI-RSs) for measuring the CSl for the new antenna ports.
[0067] Hereinafter, the DRS will be described in detail.

[0068] The DRS (or the UE-specific RS) is used to demodulate data. A precoding weight used for a specific UE when
multi-antenna transmission is performed is also used for an RS without change so as to allow the UE to estimate an
equivalent channel, into which a transfer channel and the precoding weight transmitted from each transmit antenna are
combined, when the UE receives the RSs.

[0069] The existing 3GPP LTE system (e.g., Release-8) supports transmission of up to 4 transmit antennas and defines
the DRS for Rank 1 beamforming. The DRS for Rank 1 beamforming is also represented by an RS for antenna port
index 5. The rule of mapping of the DRS onto an RB is defined by Expressions 13 and 14. Expression 13 represents
the mapping rule for the normal CP and Expression 14 represents the mapping rule for the extended CP.
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Expression 13

k=(Ymod NP + NXP o

[ Amvgy if 7 e 2.3}
k' = ’
4m+(2 +v,, )mod4 if /e §5.6}
(3 I'=0
6 I'=1
[ =
2 I'=2
5 I'=3

01 1fn,mod2=0
23 ifn,mod2=1
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[ =
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Expression 14

k=()mod N2> + N2,

. 3m'+v . if /=4
C3m'+(2+v,,)mod3 if =1
[+ e

1 I'=1
0 ifn mod2=0
1,2 ifn,mod2=1

' A7PDSCH -
m'=0.1,.. 4Ny 1
_ cell

[0070] In Expressions 13 and 14, k denotes a subcarrier index, 1 denotes a symbol index, and p denotes an antenna

port index. Ngg denotes the resource block size in the frequency domain and is expressed as the number of sub-

carriers. npgg denotes a physical resource block number. [\T;gSCH denotes the bandwidth of the RB of PDSCH trans-

mission. ng denotes a slot index, and Njg[ denotes a cell ID. mod indicates a modulo operation. The location of the

RS in the frequency domain depends on a value Vg,;5. Since the value Vs depends on the cell ID, the location of the
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RS has a frequency shift value which is different for each cell.

[0071] Inthe LTE-A system which is an evolution of the 3GPP LTE system, high-order MIMO, multi-cell transmission,
evolved MU-MIMO or the like are under consideration. DRS-based data demodulation is being considered in order to
support efficient RS management and an advanced transmission scheme. That is, separately from the DMRS (antenna
port index 5) for Rank 1 beamforming defined in the existing 3GPP LTE (e.g., Release-8) system, DMRSs for two or
more layers may be defined in order to support data transmission through the added antenna. Such DMRSs may be
defined such that the DMRSs are present only in RBs and layers in which downlink transmission has been scheduled
by the eNodeB.

Cooperative Multi-Point (CoMP)

[0072] According to the advanced system performance requirements of the 3GPP LTE-A system, CoMP transmis-
sion/reception technology (which may be referred to as co-MIMO, collaborative MIMO or network MIMO) has been
suggested. The CoMP technology can increase the performance of the UE located at a cell edge and increase average
sector throughput.

[0073] In general, in a multi-cell environment whose frequency reuse factor is 1, the performance of the UE located
at the cell edge and average sector throughput may be reduced due to Inter-Cell Interference (ICl). In order to reduce
the ICl, the existing LTE system applies a method in which a UE located at a cell edge acquires appropriate throughput
and performance using a simple passive scheme such as Fractional Frequency Reuse (FFR) through UE-specific power
control in an environment restricted by interference. However, rather than decreasing the use of frequency resources
per cell, it may be preferable that the ICI be reduced or the UE reuse the ICl as a desired signal. A CoMP transmission
scheme may be applied in order to accomplish such an object.

[0074] The CoMP scheme which is applicable to downlink may be largely classified into a Joint Processing (JP) scheme
and a Coordinated Scheduling/Beamforming (CS/CB) scheme.

[0075] Inthe JP scheme, each point (eNodeB) of a CoMP unit may use data. The CoMP unit is a set of eNodeBs used
in the CoMP scheme. The JP scheme may be classified into a joint transmission scheme and a dynamic cell selection
scheme.

[0076] The joint transmission scheme is a method in which a PDSCH is simultaneously transmitted from a plurality of
points (all or part of the CoMP unit). That is, data destined for a single UE may be simultaneously transmitted from a
plurality of transmission points. According to the joint transmission scheme, it is possible to coherently or non-coherently
improve the quality of received signals and to actively eliminate interference with another UE.

[0077] The dynamic cell selection scheme is a method in which a PDSCH is transmitted from one point (of the CoMP
unit). That is, data destined for a single UE is transmitted from one point at a specific time and the other points in the
CoMP unit do not transmit data to the UE at that time. The point for transmitting the data to the UE may be dynamically
selected.

[0078] According to the CS/CB scheme, CoMP units may cooperatively perform beamforming of data transmission to
a single UE. Here, although only the serving cell transmits data, user scheduling/beamforming may be determined by
coordination of the cells of the CoMP unit.

[0079] In uplink, the term "coordinated multi-point reception” refers to reception of a signal transmitted by coordination
of a plurality of geographically separated points. The CoMP scheme which is applicable to uplink may be classified into
Joint Reception (JR) and Coordinated Scheduling/Beamforming (CS/CB).

[0080] The JR scheme is a method in which a plurality of reception points receives a signal transmitted through a
PUSCH, the CS/CB scheme is a method that only one point receives a PUSCH and user scheduling/beamforming is
determined by the coordination of the cells of the CoMP unit.

Sounding RS (SRS)

[0081] An SRS is used to enable an eNodeB to measure channel quality to perform frequency-selective scheduling
in uplink and is not associated with uplink data and/or control information transmission. However, the present invention
is not limited to this and an SRS may also be used to support advanced power control or various start-up functions of
UEs which have not been recently scheduled. Examples of the start-up functions may include, for example, initial
Modulation and Coding Scheme (MCS), initial power control for data transmission, timing advance, and frequency-semi-
selective scheduling (which is a scheduling scheme in which a frequency resource is selectively allocated in a first slot
of a subframe and is pseudo-randomly hopped to a different frequency in a second slot).

[0082] In addition, the SRS may be used for downlink channel quality measurement on the assumption that a radio
channel is reciprocal between uplink and downlink. This assumption is valid particularly in a Time Division Duplex (TDD)
system in which the uplink and downlink shares the same frequency band and are discriminated from each other in the
time domain.
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[0083] A subframe through which an SRS is transmitted by a certain UE within a cell is indicated by a cell-specific
broadcast signaling. 4-bit cell-specific "srsSubframeConfiguration" parameter indicates 15 possible configurations of the
subframe through which the SRS can be transmitted within each radio frame. Through such configurations, it is possible
to provide flexibility enabling SRS overhead to be adjusted according to a network arrangement scenario. The remaining
one (sixteenth) configuration of the parameters corresponds to switch-off (or deactivation) of SRS transmission within
the cell and may be suitable, for example, for a serving cell of high-speed UEs.

[0084] As shown in FIG. 8, an SRS is always transmitted in the last SC-FDMA symbol of the configured subframe.
Accordingly, an SRS and a Demodulation RS (DMRS) are located in different SC-FDMA symbols. PUSCH data is not
allowed to be transmitted in an SC-FDMA symbol designated for SRS transmission and thus sounding overhead does
not exceed approximately 7% even when it is highest (that is, even when SRS transmission symbols are present in all
subframes).

[0085] Each SRS symbol is generated from a basic sequence (i.e., a random sequence or Zadoff-Chu (ZC)-based
sequence set) with respect to a given time unit and frequency band and all UEs within the cell use the same basic
sequence. Here, SRS transmissions of a plurality of UEs within a cell in the same time unit and the same frequency
band are orthogonally discriminated from each other by different cyclic shifts of the base sequence allocated to the
plurality of UEs. Although SRS sequences of different cells can be discriminated from each other by allocating different
basic sequences to the cells, orthogonality between different basic sequences is not guaranteed.

Relay Node (RN)

[0086] An RN may be considered, for example, for enlargement of high data rate coverage, improvement of group
mobility, temporary network deployment, improvement of cell edge throughput and/or provision of network coverage to
a new area.

[0087] Referring back to FIG. 1, an RN 120 serves to forward data transmitted or received between the eNodeB 110
and the UE 131 and two types of links (a backhaul link and an access link) having different attributes are applied to the
respective carrier frequency bands for the eNodeB 110 and the UE 131. The eNodeB 110 may include a donor cell. The
RN 120 is wirelessly connected to a radio access network through the donor cell 110.

[0088] The backhaul link between the eNodeB 110 and the RN 120 may be expressed as a backhaul downlink if the
backhaul link uses downlink frequency bands or downlink subframe resources and may be expressed as a backhaul
uplink if the backhaul link uses uplink frequency bands or uplink subframe resources. Here, the frequency band is a
resource allocated in a Frequency Division Duplex (FDD) mode and the subframe is a resource allocated in a Time
Division Duplex (TDD) mode. Similarly, the access link between the RN 120 and the UE(s) 131 may be expressed as
an access downlink if the access link uses downlink frequency bands or downlink subframe resources and may be
expressed as an access uplink if the access link uses uplink frequency bands or uplink subframe resources. FIG. 1
shows setting of the backhaul uplink/downlink and the access uplink/downlink of an FDD-mode RN.

[0089] The eNodeB needs to have functions such as uplink reception and downlink transmission and the UE needs
to have functions such as uplink transmission and downlink reception. The RN needs to have all functions such as
backhaul uplink transmission to the eNodeB, access uplink reception from the UE, backhaul downlink reception from
the eNodeB, and access downlink transmission to the UE.

[0090] FIG. 9illustrates exemplary implementation of transmission and reception functions of the FDD mode RN. The
following is a conceptual description of the reception function of the RN. A downlink received signal from an eNodeB is
delivered to a Fast Fourier Transform (FFT) module 912 via a duplexer 911 and an OFDMA baseband reception process
913 is performed. An uplink received signal from a UE is delivered to an FFT module 922 via a duplexer 921 and a
Discrete Fourier Transform-spread-OFDMA (DFT-s-OFDMA) baseband reception process 923 is performed. The proc-
ess of receiving a downlink signal from the eNodeB and the process of receiving an uplink signal from the UE may be
simultaneously performed in parallel. The following is a conceptual description of the transmission function of the RN.
An uplink signal is transmitted to the eNodeB through a DFT-s-OFDMA baseband transmission process 933, an Inverse
FFT (IFFT) module 932, and a duplexer 931. A downlink signal is transmitted to the UE through an OFDM baseband
transmission process 943, an IFFT module 942, and a duplexer 941. The process of transmitting an uplink signal to the
eNodeB and the process of transmitting a downlink signal to the UE may be simultaneously performed in parallel. The
illustrated one-way duplexers may be implemented as a single bidirectional duplexer. For example, the duplexer 911
and the duplexer 931 may be implemented as a single bidirectional duplexer and the duplexer 921 and the duplexer
941 may be implemented as a single bidirectional duplexer. The single bidirectional duplexer may be implemented such
that the lines of an IFFT module and a baseband process module associated with transmission and reception in a specific
carrier frequency band are branched from the bidirectional duplex.

[0091] The caseinwhich aband (or spectrum) of the RN is used when the backhaul link operates in the same frequency
band as the access link is referred to as "in-band" and the case in which a band (or spectrum) of the RN is used when
the backhaul link and the access link operate in different frequency bands is referred to as an "out-band". In both in-
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band and out-band cases, a UE which operates according to the existing LTE system (e.g., Release-8) (hereinafter,
referred to as a legacy UE) needs to be able to be connected to the donor cell.

[0092] The RN may be classified into a transparent RN or a non-transparent RN depending on whether or not the UE
recognizes the RN. The term "transparent" indicates that the UE cannot determine whether or not the UE is performing
communication with the network through the RN and the term "non-transparent” indicates that the UE can determine
whether or not the UE is performing communication with the network through the RN.

[0093] In association with control of the RN, the RN may be classified into an RN that is configured as a part of the
donor cell or an RN that controls the cell by itself.

[0094] While the RN configured as a part of the donor cell may have an RN ID, the RN does not have its own cell
identity. When at least a part of a Radio Resource Management (RRM) unit of the RN is controlled by the eNodeB to
which the donor cell belongs (even when the remaining parts of the RRM are located at the RN), the RN is referred to
as being configured as a part of the donor cell. Preferably, such an RN can support a legacy UE. Examples of such an
RN include various types of relays such as smart repeaters, decode-and-forward relays, L2 (second layer) relays, and
Type-2 relays.

[0095] On the other hand, the RN that controls the cell by itself controls one or more cells, unique physical layer cell
identities are provided respectively to cells controlled by the RN, and the same RRM mechanism may be used for the
cells. From the viewpoint of the UE, there is no difference between access to the cell controlled by the RN and access
to the cell controlled by a general eNodeB. Preferably, the cell controlled by such an RN may support a legacy UE.
Examples of such an RN include self-backhauling relays, L3 (third layer) relays, Type-1 relays, and Type-1a relays.
[0096] The Type-1 relay is an in-band relay that controls a plurality of cells, each of which appears to be an individual
cell different from the donor cell from the viewpoint of the UE. In addition, each of the plurality of cells has a respective
physical cell ID (which is defined in LTE Release-8) and the RN may transmit its synchronization channel, RSs, etc. In
the case of a single-cell operation, the UE may directly receive scheduling information and HARQ feedback from the
RN and transmit its own control channel (associated with Scheduling Request (SR), CQIl, ACK/NACK, etc.) to the RN.
In addition, the Type-1 relay appears as a legacy eNodeB (which operates according to the LTE Release-8 system) to
a legacy UE (which operates according to the LTE Release-8 system). That is, the Type-1 relay has backward compat-
ibility. The Type-1 relay appears as an eNodeB different from the legacy eNodeB to UEs which operates according to
the LTE-A system, thereby providing performance improvement.

[0097] The Type-1arelay hasthe same characteristics as the above-described Type-1 relay except that Type-1a relay
operates as an out-band relay. The Type-1a relay may be configured so as to minimize or eliminate an influence of the
operation thereof on an L1 (first layer) operation.

[0098] The Type-2 relay is an in-band relay and does not have a separate physical cell ID. Thus, the Type-2 relay
does not form a new cell. The Type-2 relay is transparent to the legacy UE such that the legacy UE cannot determine
the presence of the Type-2 relay. Although the Type-2 relay can transmit a PDSCH, the Type-2 relay does not transmit
at least a CRS and a PDCCH.

[0099] In order to enable the RN to operate as the in-band relay, some resources in the time-frequency space need
to be reserved for the backhaul link and may be configured so as not to be used for the access link. This is referred to
as resource partitioning.

[0100] The general principle of resource partitioning in the RN may be explained as follows. The backhaul downlink
and the access downlink may be multiplexed in one carrier frequency using a Time Division Multiplexing (TDM) scheme
(that is, only one of the backhaul downlink or the access downlink is activated in a specific time). Similarly, the backhaul
uplink and the access uplink may be multiplexed in one carrier frequency using the TDM scheme (that is, only one of
the backhaul uplink or the access uplink is activated in a specific time).

[0101] The multiplexing of the backhaul link using an FDD scheme may be described as a procedure in which backhaul
downlink transmission is performed in a downlink frequency band and backhaul uplink transmission is performed in an
uplink frequency band. The multiplexing of the backhaul link using a TDD scheme may be described as a procedure in
which backhaul downlink transmission is performed in a downlink subframe of the eNodeB and the RN and backhaul
uplink transmission is performed in an uplink subframe of the eNodeB and the RN.

[0102] For example, if backhaul downlink reception from the eNodeB and access downlink transmission to the UE are
simultaneously performed in a predetermined frequency band when the RN is an in-band relay, a signal transmitted
from the transmitter of the RN may be received by the receiver of the RN and thus signal interference or RF jamming
may occur in the RF front end of the RN. Similarly, if access uplink reception from the UE and backhaul uplink transmission
to the eNodeB are simultaneously performed in a predetermined frequency band, signal interference may occur in the
RF front end of the RN. Accordingly, it is difficult to implement simultaneous transmission and reception in one frequency
band at the RN unless the received signal and the transmitted signal are sufficiently separated (for example, unless the
transmit antennas and the receive antennas are installed at sufficiently separated positions (for example, above or under
the ground)).

[0103] In one method for solving such signal interference, the RN operates so as not to transmit a signal to the UE
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while a signal is being received from the donor cell. That is, a gap may be generated in transmission from the RN to the
UE and may be set so as not to expect any transmission from the RN to the UE (including the legacy UE) during the
gap. Such a gap may be set by configuring a Multicast Broadcast Single Frequency Network (MBSFN) subframe (see
FIG. 10). In the example of FIG. 10, a first subframe 1010 is a general subframe in which a downlink (that is, access
downlink) control signal and data is transmitted from the RN to the UE and a second subframe 1020 is an MBSFN
subframe in which a control signal is transmitted from the RN to the UE in a control region 1021 of the downlink subframe
while no signal is transmitted from the RN to the UE in the remaining region 1022 of the downlink subframe. Since the
legacy UE expects transmission of the PDCCH in all downlink subframes (that is, since the RN needs to enable the
legacy UEs within its own area to receive the PDCCH in every subframe so as to perform a measurement function), to
enable correct operation of the legacy UEs, itis necessary to transmit the PDCCH in all downlink subframes. Accordingly,
even in the subframe (the second subframe 1020)) set for transmission of the downlink (that is, the backhaul downlink)
from the eNodeB to the RN, the RN needs to transmit the access downlink in first N (N=1, 2 or 3) OFDM symbol intervals
of the subframe rather than receiving the backhaul downlink. Since the PDCCH is transmitted from the RN to the UE in
the control region 1021 of the second subframe, it is possible to provide backward compatibility with the legacy UE
served by the RN. While no signal is transmitted from the RN to the UE in the remaining region 1022 of the second
subframe, the RN may receive a signal transmitted from the eNodeB in the remaining region 1022. Accordingly, the
resource partitioning method may prevent the in-band RN from simultaneously performing access downlink transmission
and backhaul downlink reception.

[0104] The second subframe 1022 using the MBSFN subframe is described below in detail. The control region 1021
of the second subframe may be considered an RN non-hearing interval. The RN non-hearing interval is an interval in
which the RN does not receive a backhaul downlink signal and transmits an access downlink signal. This interval may
be set to 1, 2 or 3 OFDM lengths as described above. The RN performs access downlink transmission to the UE in the
RN non-hearing interval 1021 and performs backhaul downlink reception from the eNodeB in the remaining region 1022.
Here, since the RN cannot simultaneously perform transmission and reception in the same frequency band, it takes a
certain time to switch the RN from the transmission mode to the reception mode. Accordingly, it is necessary to set a
guard time (GT) to allow the RN to switch from the transmission mode to the reception mode in a first portion of the
backhaul downlink reception region 1022. Similarly, even when the RN operates to receive the backhaul downlink from
the eNodeB and to transmit the access downlink to the UE, a guard time (GT) for switching the RN from the reception
mode to the transmission mode may be set. The length of the guard time may be set to a time-domain value, for example,
a value of k (k>1) time samples Ts or a length of one or more OFDM symbols. Alternatively, in a predetermined subframe
timing alignment relationship or in the case in which backhaul downlink subframes of the RN are consecutively set, the
guard time of a last portion of the subframes may not be defined or set. Such a guard time may be defined only in a
frequency region set for backhaul downlink subframe transmission in order to maintain backward compatibility (where
it is not possible to support the legacy UE if the guard time is set in the access downlink interval). The RN can receive
a PDCCH and a PDSCH from the eNodeB in the backhaul downlink reception interval 1022 excluding the guard time.
The PDCCH and the PDSCH may be referred to as an R-PDCCH (Relay-PDCCH) and an R-PDCCH (Relay-PDCCH),
respectively, to indicate that the PDCCH and the PDSCH are RN-dedicated physical channels.

Downlink Resource Allocation

[0105] Various downlink transmission resource allocation schemes may be defined. Such downlink transmission re-
source allocation schemes may be referred to as resource allocation type 0, 1, and 2.

[0106] The resource allocation type 0 is a scheme in which a predetermined number of consecutive Physical Resource
Blocks (PRBs) constitute a single Resource Block Group (RBG) and resources are allocated in units of RBGs. For
example, all PRBs in an RBG which is designated as a downlink transmission resource may be allocated as downlink
transmission resources. Accordingly, an RBG which is used for resource allocation can be easily represented in a bitmap
manner in order to perform resource allocation. RBGs allocated to a certain UE (or RN) do not need to be adjacent to
each other. When a plurality of RBGs which are not adjacent to each other is used for resource allocation, it is possible

to achieve frequency diversity. The size of each RBG (P) may be determined according to the number of RBs N g’;

allocated to downlink as shown in the following Table 1. FIG. 11(a) illustrates an example of downlink resource allocation
according to the resource allocation type 0 in which the value of P is 4 and RBG 0, RBG 3, and RBG 4 are allocated to
a specific UE.
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Table 1
N DL RBG size (P)
Downlink Resource Blocks ( RB)
<10 1
11-26 2
27-63 3
64-110 4

[0107] The resource allocation type 1 is a scheme in which all RBGs are grouped into RBG subsets and PRBs in a
selected RBG subset are allocated to a UE. Here, P RBG subsets are present and P corresponds to the size of an RBG.
An RBG subset p (0<p<P) may include RBG p and every Pth RBGs when counted from the pth RBG. For example, as
shown in FIG. 11(b), RBG subset 0 may include RBG 0, RBG 3, ..., RBG subset 1 may include RBG 1, RBG 4, ..., RBG
subset 2 may include RBG 2, RBG 6, ..., and RBG subset 3 may include RBG 3, RBG 7, .... Accordingly, in the case of
the resource allocation type 1, the resource allocation information may include 3 fields. The first field may indicate the
selected RBG subset, the second field may indicate whether or not an offset is applied, and the third field may include
a bitmap indicating PRBs in the selected RBG subset. Although the resource allocation type 1 can provide more highly
flexible resource allocation and higher frequency diversity than the resource allocation type 0, the resource allocation
type 1 requires higher control signal overhead. FIG. 11(b) llustrates an example of downlink resource allocation according
to resource allocation type 1 in which the value of P is 4, and RBG subset 0 is selected for a specific UE.

[0108] Theresource allocation type 2 is a scheme in which PRBs are not directly allocated but instead Virtual Resource
Blocks (VRBs) are allocated and the VRBs are mapped to PRBs. One VRB has the same size as one PRB. 2 types of
VRBs are present. One type is a localized-type VRB (LVRB) and the other is a distributed-type VRB (DVRB). For each
VRB type, a pair of VRBs present over 2 slots in one subframe is allocated to one VRB number (nzpg). A localized-type
VRB is directly mapped to a PRB such that nyrg = npgg, Where npgg is PRB number. In the case of the distributed-type
VRB, nyrp is mapped to npgg according to a predetermined rule. Resource allocation information of the resource
allocation type 2 indicates a set of localized-type VRBs or distributed-type VRBs which are consecutively allocated. The
information may include a 1-bit flag indicating whether a localized-type VRB or a distributed-type VRB is allocated. In
the case of the distributed-type VRB, VRB numbers may be interleaved through a block interleaver and may be mapped
to PRB numbers. The first one of a pair of VRBs may be mapped to a PRB and the other may be mapped to a PRB
which is separated from the PRB by a predetermined RB gap. Accordingly, an inter-slot hopping may be applied, thereby
achieving frequency diversity.

[0109] Specifically, index numbers 0 to N\%B —1 are assigned to distributed-type VRBs. Consecutive ]V%B VRB

numbers constitute one interleaving unit. Here, when one gap value is defined, ]T/'\%];B = N%B . VRB numbers are

interleaved in corresponding interleaving units using a block interleaver. Here, the block interleaver has 4 columns and

Now rows. Here, n7 'F]V\%B /(4P)-|- P and P is the size of an RBG defined as shown in Table 1. Here, an
row

[x] operation yields the minimum integer greater than x. VRB numbers are written (or input) row by row to such a
configured block interleaver (i.e., VRB numbers are written to another row after being fully written to one row) and are
then read out column by column from the block interleaver (i.e., VRB numbers are read from another column after being
fully read from one column). Here, the block interleaver may not be fully filled with VRB numbers. In this case, N, null

values are written to the N, /2 th row of the 2nd and 4th columns of the block interleaver. Here,

nul

N

is, VRB numbers, excluding the null values, are read from the block interleaver.
[0110] FIG. 12 schematically illustrate a mapping relationship between VRB indices and PRB indices using a block

il = 4wa - N\I,DII{B . The null values are ignored when VRB numbers are read from the block interleaver. That

. SDL
interleaver when Nygp is 46.

[0111] A rule for mapping VRB numbers to PRB numbers can be mathematically represented by the following Ex-
pressions 15 to 17. Expression 15 is associated with even slot index ng (i.e., slot 0), Expression 16 is associated with
odd slot index ng (i.e., slot 1), and Expression 17 is applied to all slot indices. In Expression 15, n,gg can be acquired
from downlink scheduling allocation information.
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Expression 15

~ v DL ~ _
Pors — N o SNy 20 and  Hypg 2Ny — Ny and Ay mod2=1
nPRB - Nrc-w + Nmﬂl /12 N

- #0 and Fyugg 2N ‘?Pfa -N,; and Fygzmod2=0
g (M) =9,

null

Mogn ~ Ny /2 Ny 20 and Ry < NP —N,, and Fymoddz2
Hpis , otherwise
bt 4
where Hppg = 2N, (va mod '-*)"' LHVRE / EJ"}' L"’vma I Ny VRR

DL, |
nd Fgen = Ny (”VRB mod 4)+ I.n‘v'R.'B !"”’*” N g - lf’vag | N3y vig ], Where

Aypp = Rypg MOd N VRB

Expression 16

Hop (B,) = (”ml (n, -1+ Nvms ! Z)mod NS!E:B ‘N‘JRB Ln\'RB ’/N J

Expression 17

—_— s DL
Hppg (71, )s Fpp (1,) < Nygg /2

Mo (F5) =4 DL ~ 0L
s Ao (1) + Ngp = Ny 12, Pppp(n,) 2 Nygg /2

[0112] For details of the mapping relationship between VRBs and PRBs, refer to the description of the standard
document (specifically, section 6.2.3 of 3GPP LTE TS36.211).

Downlink Control Information through R-PDCCH

[0113] The eNodeB may transmit Downlink Control Information (DCI) of the RN to the RN through an R-PDCCH in a
backhaul downlink subframe. Messages transmitted through an R=PDCCH include DL allocation (or assignment) infor-
mation which indicates downlink resource allocation information and an uplink (UL) grant which indicates uplink resource
allocation information.

[0114] According to the present invention, in the case in which a backhaul downlink subframe and a backhaul uplink
subframe are allocated in a pair, the eNodeB may transmit downlink allocation information and uplink grant information
together in one subframe. This can simplify design of channels between the eNodeB and the RN and can reduce the
number of times the RN performs blind decoding on an R-PDCCH.

[0115] First, a description is given of the case in which a backhaul downlink subframe and a backhaul uplink subframe
are allocated in a pair. When the eNodeB allocates a backhaul downlink subframe for signal transmission to the RN,
the RN may feed an ACK/NACK signal indicating success or failure of reception (or decoding) of data transmitted in the
allocated downlink subframe back to the eNodeB through a backhaul uplink subframe. The timing of the backhaul uplink
subframe in which the RN feeds the uplink ACK/NACK signal to the eNodeB may be set to a predetermined time after
the timing of the backhaul downlink subframe in which the RN receives data. For example, when the RN receives
downlink data from the eNodeB in downlink subframe #n, the RN may transmit an uplink ACK/NACK signal in uplink
subframe # (n+k). In addition, the RN may receive an uplink grant signal from the eNodeB through an R-PDCCH in a
backhaul downlink subframe and may transmit uplink data to the eNodeB through a backhaul uplink subframe based
on the received uplink grant signal. The timing of the backhaul uplink subframe in which the RN transmits uplink data
to the eNodeB may be set to a predetermined time after the timing of the backhaul downlink subframe in which the RN
receives the uplink grant signal. For example, when the RN receives an uplink grant from the eNodeB in downlink
subframe #n, the RN may transmit uplink data in uplink subframe #(n+k). In this manner, one backhaul downlink subframe
(for example, downlink subframe #n) may be paired with a backhaul uplink subframe of a predetermined time later (for
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example, uplink subframe #n+k) for uplink ACK/NACK transmission and uplink data transmission of the RN. That is, a
downlink subframe and an uplink subframe which are at a predetermined subframe interval k may be paired. For example,
in the case of a 3GPP LTE FDD system, it is preferable that the value of k be fixed to 4 since the interval between
downlink data reception and uplink ACK/NACK transmission and the interval between uplink grant reception and uplink
data transmission are all set to 4 subframes.

[0116] As described above, when backhaul downlink and uplink subframes are allocated in a pair, uplink ACK/NACK
transmission and uplink data transmission may be simultaneously performed in one backhaul uplink subframe. To
accomplish this, the presentinvention suggests that the eNodeB sets uplink grant information to be transmitted together
with downlink allocation information in a subframe which carries the downlink allocation information. Thus, through uplink
grant information that is transmitted in the same downlink subframe as that in which downlink allocation information for
downlink data transmission is transmitted, a part of the resources of an uplink subframe (for example, subframe #n+k)
which is paired with a backhaul downlink subframe (for example, subframe #n) in which downlink data is transmitted
can be allocated to the RN each time the downlink data is transmitted. Accordingly, the RN can transmit uplink ACK/
NACK information of downlink data using the part of the resources of the uplink subframe allocated to the RN. Here,
when the RN transmits uplink data based on an uplink grant received from the eNodeB, uplink ACK/NACK information
may be transmitted by sharing the same resources with uplink data. To accomplish this, it is possible to apply a method
in which uplink control information defined in the conventional 3GPP LTE system is piggybacked on the resources of
an uplink data channel (PUSCH).

[0117] Itis also possible to perform setting such that downlink allocation information and uplink grant information are
transmitted in the same downlink subframe to allow Uplink Control Information (UCI) such as a Channel Quality Infor-
mation (CQI) report and a Scheduling Request (SR), as well as the UL ACK/NACK described above, to be transmitted
in uplink resources allocated by an uplink grant.

[0118] In addition, even when the RN has no uplink data to be transmitted to the eNodeB, it is possible to perform
setting such that downlink allocation information and uplink grant information are transmitted in the same downlink
subframe. In this case, since the eNodeB always transmits an uplink grant to the RN even when the RN has no uplink
data, the RN can secure resources for transmitting an uplink ACK/NACK, a CQl, and/or an SR.

[0119] When downlink allocation information and uplink grant information have been set to be transmitted in the same
downlink subframe as described above, there is no need to separately design an uplink channel for uplink control
information and an uplink channel for uplink data transmission and therefore it is possible to simplify uplink channel
design and to enable more efficient resource utilization.

[0120] FIG. 13 illustrates an example in which a downlink allocation (DL assignment) and an uplink grant (UL grant)
are transmitted in one backhaul downlink subframe. Since the RN can decode downlink data only after the RN receives
downlink allocation information, it is preferable that the downlink allocation information be transmitted earlier than uplink
grant information in order to secure as much of the downlink data decoding time as possible. For example, the downlink
allocation information may be set to be transmitted in an OFDM symbol prior to that of uplink grant information. The
downlink allocation information may be set to be transmitted in a first slot while the uplink grant information may be set
to be transmitted in a second slot.

[0121] When an R-PDCCH is transmitted, it is possible to consider two R-PDCCH transmission schemes according
to whether or not one R-PDCCH is interleaved with another R-PDCCH.

[0122] First, when one R-PDCCH is not interleaved with another R-PDCCH, one slot in an RB is used to transmit only
one R-PDCCH. Accordingly, the present invention suggests that uplink grant information for the RN associated with
downlink allocation information (i.e., the RN which is to receive downlink data according to the downlink allocation
information) be transmitted in the second slot of an RB in which the downlink allocation information is transmitted. Thus,
it is possible to reduce the number of times the RN performs blind decoding.

[0123] Blind decoding is a process for attempting to perform PDCCH decoding according to each of the hypotheses
which have been set associated with various formats (for example, a PDCCH DCI format) of downlink control information
(downlink allocation or a scheduling signaling such as an uplink grant). That is, the scheduling signaling may have
various predetermined formats, the format of scheduling signaling to be transmitted to the UE is not previously signaled
to the UE, and the UE is set to perform PDCCH decoding. For example, when the UE has succeeded in PDCCH decoding
according to one hypothesis, the UE can perform uplink/downlink transmission according to the scheduling signaling.
However, when the UE has not succeeded in PDCCH decoding, the UE may attempt to perform decoding according to
another hypothesis associated with the format of the scheduling signaling. Accordingly, blind decoding load and com-
plexity increase as the number of formats that the scheduling signaling may have increases. In addition, as the number
of candidate RB positions at which the scheduling signaling can be transmitted increases, blind decoding complexity
increases since it is necessary to perform blind decoding for all RBs.

[0124] Accordingly, in the case in which uplink grant information of an RN is set to be transmitted in the second slot
of an RB in which downlink allocation information of the RN is transmitted, it is possible to reduce blind decoding
complexity. Specifically, when an RN has detected downlink allocation information of the RN in an RB, the RN can

18



10

15

20

25

30

35

40

45

50

55

EP 2 573 955 A2

assume that uplink grant information of the RN is always transmitted in the second slot of the RB. Accordingly, the RN
does not need to perform blind decoding for detecting uplink grant information in a number of RBs and may perform
blind decoding only in the RB in which the downlink allocation information has been detected, thereby simplifying RN
operation implementation.

[0125] Next, the RN may operate in the following manner when downlink allocation information is transmitted over a
number of RBs.

[0126] First, the RN may perform blind decoding assuming that uplink grant information is transmitted in second slots
of all RBs in which downlink allocation information has been detected.

[0127] The RN may also perform blind decoding assuming that uplink grant information having a specific size is
transmitted at specific positions in RBs in which downlink allocation information has been detected. For example, it is
possible to assume that an uplink grant is transmitted in second slots of only some of the RBs which are occupied by
downlink allocation information (for example, only the half of RBs with the lower indices among the RBs which are
occupied by downlink allocation information). In this case, downlink data of the RN may be transmitted in the second
slots of the remaining RBs.

[0128] The RN may also perform blind decoding assuming that an uplink grant, which may have various sizes and
various positions, is transmitted in second slots of RBs in which downlink allocation information has been detected.
[0129] Although the above description has been given assuming that an R-PDCCH has not been interleaved, downlink
allocation information and uplink grant information may be transmitted as described above even when interleaving is
applied.

[0130] FIG. 14 illustrates an example in which interleaving is applied to an R-PDCCH.

[0131] First, an R-PDCCH is transmitted through an aggregation of one or more consecutive CCEs, each of which
corresponds to a plurality of Resource Element Groups (REGs). The CCE aggregation level is a CCE unit for R-PDCCH
search and is defined as the number of adjacent CCEs. In the example of FIG. 14, one CCE corresponds to 8 REGs,
the CCE aggregation level of a downlink allocation DA1 of a first RN is 1, and the CCE aggregation level of a downlink
allocation DA2 of a second RN is 2.

[0132] As shown in FIG. 14, the downlink allocation DA may be interleaved in units of REGs. Specifically, one DA
may include one or more CCEs, each of which may be fragmented into a specific number of REGs, and may be interleaved
with another DA in units of REGs. As a result of REG-based interleaving, REGs which have different positions from the
original positions may be sequentially mapped to a downlink allocation (DL assignment) search space.

[0133] In addition, the present invention suggests a method in which, when REG-based interleaving is applied to a
downlink allocation (DA), the DA and a UL grant (UG) are transmitted in the same subframe and the same interleaving
structure is applied to the DA and the UG.

[0134] As suggested in the present invention, each RN receives one DA and one UG in a subframe. FIG. 15 illustrates
an example in which interleaving having the same structure is applied to a DA and a UG.

[0135] First, the CCE aggregation levels of the DA and the UG may be equalized for each RN. That is, the number of
CCEs that constitute a UG of one RN may be set equal to the number of CCEs that constitute a DA of the RN. For
example, as shown in FIG. 15, a UG (UGH1) for the first RN may be set to be constructed of one CCE when a DA (DA1)
for the first RN is constructed of one CCE and a UG (UG2) for the second RN may be set to be constructed of one CCE
when a DA (DA2) for the second RN is constructed of one CCE.

[0136] Then, the order in which CCEs are arranged may be set to be equal for DAs and UGs. For example, as shown
in FIG. 15, when CCEs for DAs are arranged in the order of CCE-1 corresponding to DA1 and CCE-2 and CCE-3
corresponding to DA2, CCEs for UGs may be set to be arranged in the order of CCE-1 corresponding to UG1 and CCE-
2 and CCE-3 corresponding to UG2, i.e., in the same order as that of CCEs for DAs.

[0137] Finally, interleaving having the same structure may be applied to a DA and a UG. For example, as shown in
FIG. 15, the rule applied to REG-based interleaving for DAs may be equally applied to REG-based interleaving for UGs.
[0138] When the interleaving structure described above is applied to DAs and UGs, REGs of a DA and a UG having
the same interleaved REG indices may be transmitted to the same RN.

[0139] Accordingly, even when interleaving is applied to an R-PDCCH, an RN may assume, upon detecting a DA,
that a UG having the same CCE aggregation level and the same logical CCE indices as the detected DA has been
transmitted to the RN. Therefore, the RN which has detected the DA does not need to perform blind decoding on a UG
over a number of positions. Accordingly, it is possible to reduce R-PDCCH blind decoding complexity of the RN.
[0140] Asdescribedabove, inthe case in which adownlink allocation and an uplink grant are simultaneously transmitted
in one subframe, the eNodeB may notify the RN of information regarding resources, through which the RN is to transmit
uplink control information (for example, an uplink ACK/NACK), through downlink allocation information or uplink grant
information.

[0141] For example, information (for example, a subframe index, an offset value, a HARQ process identifier, or the
like) regarding the time to transmit uplink ACK/NACK information of currently transmitted downlink data may be included
in a downlink allocation or an uplink grant to be transmitted to the RN. Alternatively, information (for example, RB
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allocation information, a PUCCH resource index, or the like) regarding the position of a resource for transmitting uplink
ACK/NACK information of currently transmitted downlink data may be included in a downlink allocation or an uplink grant
to be transmitted to the RN.

[0142] The operations described above may also be applied when downlink subframes and uplink subframes are not
allocated in pairs (for example, when the number of downlink subframes is greater than the number of uplink subframes.
That is, the eNodeB may operate so as to transmit a downlink allocation and an uplink grant together in one subframe
regardless of whether or not downlink subframes and uplink subframes are allocated in pairs.

[0143] When downlink subframes and uplink subframes are not allocated in pairs, only a downlink allocation may be
transmitted in one subframe and the RN may implicitly determine information regarding the time and/or resource for
transmitting uplink ACK/NACK information of downlink data according to a predetermined rule. In one example of the
rule, uplink ACK/NACK information may be transmitted in an uplink subframe (for example, subframe #(n+4+a)) that is
first present after 4 subframes from a subframe (for example, subframe #4) in which downlink data has been received.
In addition, a resource used to transmit uplink ACK/NACK information in subframe #(n+4+a) may be determined in the
following manner. For example, when another uplink ACK/NACK (AN2) is transmitted in the same uplink subframe as
the subframe #(n+4+a) in which one uplink ACK/NACK (AN1) is to be transmitted, downlink data associated with the
AN2 (for example, downlink received in subframe #(n+a) may be present. Here, aresource (i.e., aresource for transmitting
AN2), which is explicitly specified through a downlink allocation for downlink data associated with AN2 or through an
uplink grant transmitted together with the downlink allocation, may be set to be used to transmit AN1 together with AN2.
[0144] Asdescribed above, the presentinvention provides a method in which a downlink allocation and an uplink grant
for one RN are set to be transmitted in the same single downlink subframe such that it is possible to simplify uplink
channel design and blind decoding load both when interleaving is applied to an R-PDCCH and when interleaving is
applied to an R-PDCCH.

[0145] In addition, although the present invention has been described mainly with reference to an R-PDCCH as an
example, the scope of the presentinvention is not limited to the R-PDCCH. For example, the same principles as suggested
by the present invention can be applied and the same advantages can be achieved when a control channel such as an
advanced PDCCH, which carries downlink control information (DCI) for a UE, can be located at a first slot and/or a
second slot of one subframe.

R-PDCCH Search Space Setting

[0146] R-PDCCHs that are transmitted from an eNodeB to one RN may be classified into interleaved R-PDCCHs
characterized in that each R-PDCCH is fragmented into REGs (each including 4 REs) and REGs of the R-PDCCH are
mixed with REGs of other R-PDCCH(s) and non-interleaved R-PDCCHs characterized in that an R-PDCCH transmits
for only one RN is present in one physical resource block (PRB). The following is a description of examples of how a
search space for blind decoding of a non-interleaved R-PDCCH is determined according to present invention.

[0147] First, the presentinvention suggests that only one R-PDCCH be transmitted in one resource block group (RBG).
Accordingly, it is possible to avoid the case in which it is unclear to which RN a corresponding resource is allocated
since R-PDCCHs for a plurality of RNs cannot be present in an RBG including one or more RBs (i.e., an RBG which is
a basic resource allocation unit in the resource allocation type 0).

[0148] FIG. 16 illustrates an example in which one R-PDCCH is transmitted using one RB when one RBG includes 4
RBs. The R-PDCCH of FIG. 16, which is a channel for downlink allocation (DA), may be set such that the R-PDCCH
associated with downlink information is transmitted only in the first slot in order to reduce decoding latency and to quickly
decode downlink data. The first slot is shown as being shorter than the second slot in FIG. 16 since FIG. 16 shows a
backhaul downlink subframe for the RN excluding a section in which a PDCCH is transmitted from the RN to a UE at a
front part (see "1021" of FIG. 10) of the first slot.

[0149] Although the presentinvention is described below with reference to the case in which an R-PDCCH associated
with downlink allocation information is transmitted in the first slot of a backhaul downlink subframe as an example for
clear explanation of the present invention, the present invention is not limited to the case. That is, the same principle as
described with reference to an R-PDCCH carrying downlink allocation information according to the present invention
may also be applied to the case in which an R-PDCCH carrying downlink allocation information is transmitted in the
second slot of a backhaul downlink subframe.

[0150] According to an example of the present invention, the eNodeB may notify the RN of the position of a search
space for each aggregation level through a higher layer signal. Here, the aggregation level may indicate the size of a
resource occupied by one R-PDCCH. In the case in which a downlink allocation (DA) is transmitted in the first slot of a
downlink subframe, the aggregation level n indicates that one R-PDCCH is transmitted using the first slots of n RBs.
That is, the example of FIG. 16 corresponds to the case in which the aggregation level is 1.

[0151] FIG. 17 illustrates an example in which the aggregation level is n such that one R-PDCCH is transmitted using
a plurality of RBs (n RBs). As described above, when only one R-PDCCH is set to be transmitted in one RBG, the
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position of a search space of the R-PDCCH may be expressed as the position of the RBG. That is, when a specific RBG
is specified as a search space of a R-PDCCH of a specific aggregation level, this indicates that the RN performs blind
decoding on an R-PDCCH for a number of RBs (i.e., n RBs) corresponding to the aggregation level with reference to a
specified position in the RBG. Here, the specified position in the RBG may be a position corresponding to the lowest
RB index, the highest RB index, or a specific offset value. The specific offset value may be explicitly given by a higher
layer signal or may be set to a value that is implicitly given (or derived) by a cell ID. In one method of determining a
number of RBs (n RBs) corresponding to the aggregation level with reference to the specified position in the RBG, the
same number of RBs (n RBs) as the aggregation level may be selected in increasing order of RB index or in decreasing
order of RB index starting from the specified position in the RBG and the selected RBs may then be determined as a
search space of an R-PDCCH. Here, if the boundary of the RBG is exceeded when n RBs are selected in increasing
order of RB index and in decreasing order of RB index starting from the specific position, another RB of the RBG may
be selected in a circular shift manner and then be determined to be included in the n RBs.

[0152] For example, the eNodeB may notify a specific RN of a set of search spaces set corresponding to aggregation
levels 1, 2, and 4. Signaling that the eNodeB uses to notify the RN of the search space set may be configured in the
form of a bitmap of all RBGs. Here, a search space set may be set such that there is a specific correlation between each
aggregation level and the number of RBGs belonging to a search space set for the aggregation level. For example,
when N RBGs are allocated to a search space of aggregation level 1, N/2 RBGs may be allocated to a search space of
aggregation level 2 and N/4 RBGs may be allocated to a search space of aggregation level 4. In the case in which such
a correlation is set, the blind decoding scheme may have a structure similar to a blind decoding scheme for each
aggregation level of a PDCCH that is transmitted from an eNodeB to a UE in the conventional 3GPP LTE system.
[0153] In another example, search space sets may be set such that there is a specific inclusion relationship between
respective search space sets of aggregation levels. For example, an RBG set allocated to a search space of a higher
aggregation level may include a subset of an RBG set allocated to a search space of a lower aggregation level. For
example, some of RBGs belonging to a search space set of aggregation level 1 may constitute a search space set of
aggregation level 2 and some of RBGs belonging to a search space set of aggregation level 2 may constitute a search
space set of aggregation level 4. When search space sets are set so as to have such an inclusion relationship, it is
possible to reduce the overhead of signaling for allocating a search space set for each aggregation level.

[0154] For example, when N RBGs are allocated to a search space of aggregation level 1, half number of the RBGs
(i.e., N/2 RBGs) (for example, odd or even RBGs) among the N RBGs may constitute a search space set of aggregation
level 2. Here, a 1-bit indicator may be used to notify the RN of which RBG set is to be used as a search space from
among 2 RBG sets (for example, odd or even RBGs) which may be constructed of N RBGs. The eNodeB may transmit
such a 1-bit indicator as a higher layer signal. In addition, a half number of RBGs (i.e., N/4 4 RBGs) (for example, odd
or even RBGs) among N/2 RBGs allocated to a search space of aggregation level 4 may constitute a search space set
of aggregation level 4. Here, a 1-bit indicator may be used to notify the RN of which RBG set is to be used as a search
space from among 2 RBG sets (for example, odd or even RBGs) which may be constructed of N/2 RBGs.

[0155] FIG. 18 illustrates an example in which an RBG set allocated to a search space of a higher aggregation level
is constructed of a subset of an RBG set allocated to a search space of a lower aggregation level. In the example of
FIG. 18 (a), it is assumed that an eNodeB allocates all RBGs of a system bandwidth to a search space of aggregation
level 1. Then, the eNodeB may notify the RN of allocation information of the search space of aggregation level using a
1-bit indicator. As shown in FIG. 18(b), when the value of this indicator is 0, odd RBGs (1st, 3rd, 5th, 7th, ...) RBGs
among RBGs that constitute the search space of aggregation level 1 are allocated to the search space of aggregation
level 2 and, when the value of this indicator is 1, even RBGs (2nd, 4th, 6th, 8th, ...) RBGs among RBGs that constitute
the search space of aggregation level 1 are allocated to the search space of aggregation level 2. FIG. 18(c) shows RBGs
that are allocated to the search space of aggregation level 4 when an indicator for the search space of aggregation level
2 is 0 and FIG. 18(d) shows RBGs that are allocated to the search space of aggregation level 4 when the indicator for
the search space of aggregation level 2 is 1. The eNodeB may notify the RN of a 1-bit indicator for the search space of
aggregation level 4 in addition to the 1-bit indicator for the search space of aggregation level 2. When the value of the
1-bit indicator for the search space of aggregation level 4 is 0, odd RBGs (1st, 3rd, 5th, 7th, ...) RBGs among RBGs that
constitute the search space of aggregation level 2 are allocated to the search space of aggregation level 4 and, when
the value of this 1-bit indicator is 1, even RBGs (2nd, 4th, 6th, 8th, ...) RBGs among RBGs that constitute the search
space of aggregation level 2 are allocated to the search space of aggregation level 4.

[0156] Inthe search space allocation operation described above, search spaces may be fixedly set such that all RBGs
in the system bandwidth are allocated to the search space of aggregation level 1. In addition, search spaces may be
fixedly set such that all even RBGs among all RBGs of the system bandwidth are allocated to the search space of
aggregation level 2 and every 4th RBGs among all RBGs of the system bandwidth are allocated to the search space of
aggregation level 4. When search spaces are fixedly set in this manner, each of the indicators of allocation information
of the search spaces of aggregation level 2 and aggregation level 4 is fixed to a specific value as described above with
reference to FIG. 18 and therefore it is possible to reduce signaling overhead since there is no need to provide the
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indicators. FIG. 19 illustrates RBGs that are allocated to the search spaces of aggregation levels 1, 2, and 4 in the above
manner.

[0157] A frequency localized R-PDCCH transmission scheme or a frequency distributed R-PDCCH transmission
scheme may be applied when an R-PDCCH search space is designed. The frequency localized scheme is a method in
which an R-PDCCH is transmitted using adjacent resources in a frequency region (i.e., using RBs belonging to the same
RBG as shown in FIG. 17) when the aggregation level is 2 or higher. On the other hand, the frequency distributed scheme
is a method in which an R-PDCCH is transmitted using resources which are spaced from each other in a frequency
region in order to achieve a frequency diversity gain when the aggregation level is 2 or higher. The following is a more
detailed description of a method of designing search spaces according to a frequency distributed scheme.

[0158] In the frequency distributed R-PDCCH transmission scheme, the search space for aggregation level 1 may be
configured in the same manner as in the frequency localized R-PDCCH transmission scheme. That is, an R-PDCCH of
aggregation level 1 may be transmitted using one RB at a specified position per RBG and a bitmap-format signaling
indicating which RBG has been allocated to the search space of aggregation level 1 may be transmitted from the eNodeB
to the RN. The search space of aggregation level 1 may also be fixedly set such that all RBGs of the system bandwidth
are allocated to the search space of aggregation level 1 without providing such a signaling.

[0159] In the frequency distributed R-PDCCH transmission scheme, 2 RBGs allocated to the search space of aggre-
gation level 1 described above may be grouped to constitute a search space of aggregation level 2 unlike in the frequency
localized R-PDCCH transmission scheme. FIG. 20 illustrates a scheme in which 2 adjacent RBGs among RBGs of a
lower aggregation level are grouped to constitute a search space of a higher aggregation level.

[0160] For example, indices may be newly assigned only to RBGs allocated to the search space of aggregation level
1 and two adjacent RBGs may be grouped based on the newly assigned indices and may be allocated to the search
space of aggregation level 2. Here, the expression "newly assigning indices to RBGs" indicates that indices are sequen-
tially assigned only to RBGs allocated to the search space of aggregation level 1 according to a predetermined scheme,
rather than using all RBG indices of the system bandwidth since the RBGs allocated to the search space of aggregation
level 1 may be part of the RBGs of the system bandwidth.

[0161] Similarly, indices may be newly assigned only to RBGs allocated to the search space of aggregation level 2
and two adjacent RBGs may be grouped based on the newly assigned indices and may be allocated to the search space
of aggregation level 4. In other words, new indices may be assigned to only RBGs allocated to aggregation level 1 and
4 adjacent RBGs may be grouped based on the new indices and may be allocated to the search space of aggregation
level 4.

[0162] When indices are sequentially assigned only to RBGs allocated to the search space of aggregation level 1
according to a predetermined scheme, indices may be assigned in the same order as the order of Virtual Resource
Block (VRB) indices or Physical Resource Block (PRB) indices given by downlink allocation information (see the example
of FIG. 20). However, a method of reordering RBG indices may be additionally applied in order to maximize frequency
diversity gain.

[0163] Forexample, after binary indices are assigned only to RBGs allocated to the search space of aggregation level
1, bitreversal may be applied to the assigned indices and RBGs of 2 adjacent RBG indices among the bit-reversed RBG
indices may be grouped and assigned to the search space of aggregation level 2. Here, the term "bit reversal" refers to
reversal of the order of bit values of a bit sequence, for example, refers to changing a bit sequence of "abc" to a bit
sequence of "cba". FIG. 21 illustrates a method in which 2 adjacent RBGs among RBGs of a lower aggregation level
are grouped to constitute a search space of a higher aggregation level while applying bit reversal.

[0164] For example, let us assume that 8 RBGs among all RBGs of the system bandwidth are allocated to a search
space of aggregation level 1. New indices RBG#0 to RBG#7 are assigned to the 8 RBGs. The newly assigned RBG
indices may be represented as binary values 000, 001, 010, 011, 100, 101, 110, and 111. When bit reversal is applied
to the binary indices, bit-reversed indices 000, 100, 101, 110, 001, 101, 011, and 111 are obtained. The RBGs may be
rearranged in the order of RBG#0, RBG#4, RBG#2, RBG#6, RBG#1, RBG#5, RBG#3, and RBG#7 according to the bit-
reversed indices. Here, 2 adjacent RBGs in the reordered RBGs may be grouped to constitute a search space of
aggregation level 2. For example, RBG#0 and RGB#4 corresponding to indices 000 and 100 may be grouped to constitute
a search space of aggregation level 2. Then, 2 adjacent RBGs among RBGs allocated to the search space of aggregation
level 2 may be grouped and allocated to a search space of aggregation level 4. In other words, 4 RBGs which are
adjacent among RBGs acquired by bit-reversing and reordering only the RBGs allocated to the search space of aggre-
gation level 1 may be grouped and allocated to a search space of aggregation level 4.

[0165] Although design of search spaces of aggregation levels 1, 2, and 4 has been described above on an RBG
basis in association with FIGs. 20 and 21 for clear explanation of the basic principle of design of the search spaces of
the aggregation levels, one RB at a specified position per RBG allocated to a search space may be allocated to the
search space of an R-PDCCH. FIGs. 22 and 23 illustrate RBs that are allocated to an R-PDCCH search space in the
R-PDCCH search space allocation methods of FIGs. 20 and 21, respectively. In the examples of FIGs. 22 and 23, the
same descriptions as those of FIGs. 20 and 21 are applied except that one RB is specified in a corresponding RBG and
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redundant descriptions are omitted herein.

[0166] FIG. 24 illustrates another example of the present invention associated with a method for configuring a search
space of a higher aggregation level by grouping 2 adjacent RBGs among RBGs allocated to a search space of a lower
aggregation level. In order to maintain consistency with the frequency distributed R-PDCCH transmission scheme and
the frequency localized R-PDCCH transmission scheme, a search space of a higher aggregation level is configured
using adjacent RBGs among RBGs allocated for a lower aggregation level and RBs which are not allocated for the lower
aggregation level are used in some of the adjacent RBGs to increase the aggregation level. For example, as shown in
FIG. 24, the same RB as that allocated to the search space of the lower aggregation level may be used in one of the 2
adjacent RBGs and a different RB from that allocated to the search space of the lower aggregation level may be used
in the other RBG. In this case, the 2 adjacent RBGs may be adjacent RBGs to which reordering such as bit-reversal
has not been applied as shown in FIG. 20 and may also be adjacent RBGs to which reordering such as bit-reversal has
been applied as shown in FIG. 21. For example, an RBG adjacent to RBG#0 for constituting the search space of
aggregation level 1 may be RBG#1 when RBG reordering has not been applied and may be RBG#4 when RBG reordering
(for example, bit-reversal) has been applied. In the example of FIG. 24, the search space of aggregation level 2 may be
configured using RBs of RBG#0 and RBG#1 such thatan RB which has been allocated to the search space of aggregation
level 1 is used in RBG#0 and an RB which has not been allocated to the search space of aggregation level 1 is used in
RBG#1 (where RBG#4 rather than RBG#1 may be an RBG adjacent to RBG#0).

[0167] Here, the RB that has not been allocated to the search space of aggregation level 1 may be an RB that is
additionally used in the corresponding RBG in the case of aggregation level 2 in the frequency localized scheme. That
is, one RB that is used for the search space of aggregation level 2 in the frequency distributed scheme in the example
of FIG. 24 may correspond to an RB (RB1) that is additionally used for the search space of aggregation level 2 in the
frequency localized scheme in the example of FIG. 17.

[0168] Also, when a search space of aggregation level 4 is configured, an RB which has been allocated to the search
space of aggregation level 1 may be used in some of the RBGs (for example, RBG#0) and an RB which has not been
allocated to the search space of aggregation level 1 may be used in the remaining RBGs (for example, RBG#1, RBG#2,
and RBG#3). For example, a first RB (RB0) of RBG#0, a second RB (RB1) of RBG#1, a third RB (RB2) of RBG#2, and
a fourth RB (RB3) of RBG#3 may constitute a single search space of aggregation level 4. Similarly, when a search space
of a higher aggregation level is configured while reordering such as bit-reversal is applied to RBGs which constitute the
search space of aggregation level 1, an RB which has been allocated to the search space of aggregation level 1 may
be used in some of the RBGs (for example, RBG#0) and an RB which has not been allocated to the search space of
aggregation level 1 may be used in the remaining RBGs (for example, RBG#4, RBG#2, and RBG#6). For example, a
first RB (RB0) of RBG#0, a second RB (RB1) of RBG#4, a third RB (RB2) of RBG#2, and a fourth RB (RB3) of RBG#6
may constitute a single search space of aggregation level 4. In the case in which a search space of a higher aggregation
level is configured in this manner, only one CCE index is used even when the aggregation level is 2 or higher and
therefore it is possible to prevent waste of PUCCH resources mapped to CCE indices.

[0169] In addition, in the method in which 2 adjacent RBGs among RBGs allocated to a search space of a lower
aggregation level are grouped to constitute a search space of a higher aggregation level, a 1-bit indicator which indicates
which RB is to be used to constitute a search space of a higher aggregation level from among RBs allocated a search
space of a lower aggregation level may be used similar to the principle described above with reference to FIG. 18.
[0170] FIG. 25 illustrates an example in which, when such a 1-bit indicator is used, an RB which has been allocated
to a search space of aggregation level 1 and an RB which has not been allocated to the search space of aggregation
level 1 are grouped to constitute a search space of an aggregation level 2. For example, as shown in FIG. 25, when the
value of the 1-bit indicator is 0, an RB which is used for the search space of aggregation level 1 in a front (or earlier)
RBG (RBG#0) among 2 adjacent RBGs (RBG#0 and RBG#1) that constitute the search space of aggregation level 1
and an RB which is not used for the search space of aggregation level 1 in a rear (or later) RBG (RBG#1) may be
grouped to constitute a search space of aggregation level 2. On the other hand, when the value of the 1-bit indicator is
1, an RB which is not used for the search space of aggregation level 1 in the front RBG (RBG#0) and an RB which is
used for the search space of aggregation level 1 in the rear RBG (RBG#1) may be grouped to constitute a search space
of aggregation level 2.

[0171] In addition, FIG. 26 illustrates an example in which, when reordering such as bit-reversal is applied, an RB
which has been allocated to a search space of aggregation level 1 and an RB which has not been allocated to the search
space of aggregation level 1 are grouped to constitute a search space of an aggregation level 2 using a 1-bit indicator.
For example, as shown in FIG. 26, when the value of the 1-bit indicator is 0, an RB which is used for the search space
of aggregation level 1 in a front (or earlier) RBG (RBG#0) among 2 adjacent RBGs (RBG#0 and RBG#4) that constitute
the search space of aggregation level 1 and an RB which is not used for the search space of aggregation level 1 in a
rear (or later) RBG (RBG#4) may be grouped to constitute a search space of aggregation level 2. On the other hand,
when the value of the 1-bit indicator is 1, an RB which is not used for the search space of aggregation level 1 in the front
RBG (RBG#0) and an RB which is used for the search space of aggregation level 1 in the rear RBG (RBG#4) may be
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grouped to constitute a search space of aggregation level 2.

[0172] In addition, an RB which has been allocated to a search space of aggregation level 2 and an RB which has not
been allocated to the search space of aggregation level 2 may be grouped to constitute a search space of aggregation
level 4 using a predetermined indicator, similar to the principle described above with reference to FIGs. 25 and 26.
[0173] Alternatively, when the indicator is fixed to a specific value, an RB which has been allocated to a search space
of a lower aggregation level and an RB which has not been allocated to the search space of the lower aggregation level
may be grouped to constitute a search space of a higher aggregation level without transmitting the indicator, similar to
the principle described above with reference to FIG. 19.

[0174] In the following description, a method in which a mapping relationship between distributed-type VRB (CVRB)
indices and PRBs described above with reference to Expressions 15 to 17 in the downlink resource allocation type 2
described above is used when a search space of aggregation level 2 or 4 is configured is described below as another
example of the present invention associated with a method of configuring a search space according to a frequency
distributed scheme. An embodiment of the present invention using the mapping relationship between DVRB indices and
PRBs may be described as reordering of RBG indices (or RB indices). For example, one example of the method of the
present invention for reordering RBG indices (or RB indices) is a method of reordering RBG indices using a bit-reversal
scheme as described above with reference to FIG. 21 and another example is a method of reordering RB indices using
the mapping relationship between DVRB indices and PRB indices as described below. However, the present invention
is not limited to these examples and may include a method of reordering RBG indices (or RB indices) according to a
predetermined rule.

[0175] An R-PDCCH of aggregation level 2 or 4 may be configured by connecting PRBs which are adjacent in VRB
indices. For example, when a search space of aggregation level 2 is configured using 2 PRBs starting from VRB index
t, PRB indices which constitute the search space of aggregation level 2 may be represented as f(t) and f(t+1). The two
PRBs may be present in the first slot of a downlink subframe. f() is a function for mapping a VRB index to a PRB and
defines the mapping relationship between VRB indices and PRB indices as described above with reference to Expressions
15 to 17 in the description of downlink resource allocation type 2.

[0176] When a search space of aggregation level 2 or 4 is defined using a mapping relationship between BRB indices
and PRB indices in this manner, all VRB indices, each of which is a start index in one search space of aggregation level
2 (i.e., each of which has the smaller value among 2 RBs which constitute the search space of aggregation level 2),
may be limited to even or odd indices. Similarly, all VRB indices, each of which is a start index in one search space of
aggregation level 4 (i.e., each of which has the smaller value among 4 RBs which constitute the search space of
aggregation level 4), may be limited to indices such that remainders when the index values are divided by 4 are equal
(or such that the index values are multiples of 4). If such limitation is applied, it is possible to simplify allocation of a
search space of a higher aggregation level and to reduce complexity of blind decoding operation.

[0177] In addition, when a search space of a higher aggregation level is configured using the method described above,
PRB indices n and m which constitute a search space of aggregation level 2 may be restricted so as to satisfy a condition
of the following Expression 18.

Expression 18

) al= £(m)

[0178] In Expression 18, () denotes a reversed function of f() and maps a PRB index to a VRB index. Expression
18 may also be expressed as the following Expression 19.

Expression 19
m=f (fm+n

[0179] When a VRB index is mapped to a PRB index according to a DVRB mapping scheme, the mapping relationship
is determined by a block interleaver including 4 columns and N, , rows as described above with reference to FIG. 12.
Taking into consideration this, the relation between PRB indices n and m of Expressions 18 and 19 may be determined

as shown in the following Expression 20.
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Expression 20

n+ N f(n) =44 or 4t + 2 for an arbitrary integer ¢

Fow?

n4 N, =Ny 12+ N, — Ny (2, otherwise

Fosw nut!

M=

of the DVRB block
interleaver to the PRB index n (after subtracting N,,,,/2 for the second or fourth column where a null is present). Here,
when the condition of f(n)=4t+1 is satisfied, a next adjacent RB in VRB indices is additionally spaced by a number of

[0180] As shown in Expression 20, the PRB index m may be obtained by adding the row size (N,

fOW)

RBs (ie, N,,, — Nygs /2 RBs)which are not used for DVRBs in PRBs.

[0181] As aresult, when the search space of aggregation level 2 starts from PRB index n, 2 PRB indices n and n+N,,,
are determined as a search space of aggregation level 2. In addition, when a search space of aggregation level 4 starts

from PRB index n, 4 PRB indices n , 1+Ny,,, B+ 2N,,, =N,y /24 N, — Nygg /2 and

row »

~DL
n+3N, —N, ,/ 2+ Ny — Nyrs /2 are determined as a search space of aggregation level 4. Consequently,

PRB indices n and m which constitute a search space of a higher aggregation level may be determined to be the most
adjacent PRB indices in VRB indices.

[0182] FIG. 27 illustrates an embodiment of the present invention in which RBs that constitute a search space of a
higher aggregation level are determined using VRB indices. An eNodeB may reorder PRBs allocated to a search space
of aggregation level 1 according to VRB indices using a DVRB block interleaver. For example, PRB indices 0, 1, 2, 3,
4, 5, 6, and 7 may be mapped respectively to VRB indices 0, 4, 1, 5, 2, 6, 3, and 7 and the RB resources may be
reordered (or rearranged) according to the VRB indices. 2 adjacent RB resources in VRB indices may construct a search
space of aggregation level 2 and 4 adjacent RB resources in VRB indices may construct a search space of aggregation
level 4.

[0183] In summary, PRBs mapped to 2 adjacent VRB indices may be determined as a search space of aggregation
level 2 and PRBs mapped to 4 adjacent VRB indices may be determined as a search space of aggregation level 4. VRB
indices and PRB indices may be mapped to each other through the block interleaver described above.

[0184] The RN may receive a set of VRB indices of aggregation level 1, as information regarding an R-PDCCH search
space (i.e., candidate RB resources in which an R-PDCCH may be transmitted), from the eNodeB. The VRB index set
includes VRB indices that are mapped to PRB resources in which an R-PDCCH may be transmitted. VRB indices may
be mapped to PRB indices using a block interleaver. An RN which has received the VRB index set may newly assign
indices according to the order of VRB indices. The RN may group 2 adjacent RBs based on the newly-assigned indices
to determine a search space of aggregation level 2. In addition, the RN may group 4 adjacent RBs based on the newly-
assigned indices to determine a search space of aggregation level 2. That is, when the RN has received a set of VRB
indices of aggregation level 1 from the eNodeB, the RN may determine 2 adjacent VRB indices to be a search space
of aggregation level 2 and determine 4 adjacent VRB indices to be a search space of aggregation level 4 without receiving
any indication and perform blind decoding of an R-PDCCH according to each aggregation level.

[0185] In addition, for example, it is possible to set a rule for limiting RBs corresponding to 4k, 4k+1, 4k+2, and 4k+3
for a specific integer k in VRB indices such that the RBs corresponding to 4k, 4k+1, 4k+2, and 4k+3 are allocated as a
set to a search space or are not allocated to a search space. According to this rule, it is possible to guarantee that a
search space of aggregation level 4 is constructed of 4 consecutive RB resources in VRB indices. If such a limitation is
applied, it is possible to construct a signaling, which constitutes a search space, in a simple configuration. That is, the
eNodeB may signal only a set associated with integer k, thereby reducing signaling overhead and allowing RBs corre-
sponding to 4k, 4k+1, 4k+2, and 4k+3 in VRB indices to be included in a search space.

[0186] The following Table 2 illustrates an example of the mapping relationship between PRB indices and VRB indices
assuming that the system bandwidth is 32 RBs and one RBG includes 3 RBs. An embodiment of the present invention
in which, when VRB indices which constitute a search space of aggregation level 1 is given, PRBs mapped to 2 adjacent
VRB indices are determined to be a search space of aggregation level 2 and PRBs mapped to 4 adjacent VRB indices
are determined to be a search space of aggregation level 4 is described below with reference to Table 2. In Table 2,
each RBG includes 3 consecutive PRBs and RBGs are represented by RBG indices 0 to 10. In this regard, RBG indices
0, 3,6, 9, ... may constitute RBG subset 0, RBG indices 1, 4, 7, 10, ... may constitute RBG subset 1, and RBG indices
2, 5, 8 ... may constitute RBG subset 2, similar to the method of resource allocation type 1 of FIG. 11(b).
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[0187] In Table 2, for example, it is assumed that, for example, PRBs whose VRB indices are 0, 1, 2, 3, 12, 13, 14,
and 15 in the 1st slot (i.e., PRB indices 0, 9, 18, 27, 3, 12, 21, 30) are allocated to a search space of aggregation level 1.
[0188] In this case, VRB indices 0 and 1 constitute a search space of aggregation level 2 and RBs corresponding to
the VRB indices 0 and 1 have PRB indices 0 and 9. Similarly, VRB indices 2 and 3 (PRB indices 18 and 27) may constitute
a search space of aggregation level 2, VRB indices 12 and 13 (PRB indices 3 and 12) may constitute a search space
of aggregation level 2, and VRB indices 14 and 15 (PRB indices 21 and 30) may constitute a search space of aggregation
level 2.

[0189] In addition, VRB indices 0, 1, 2, and 3 constitute a search space of aggregation level 4 and RBs corresponding
to the VRB indices 0, 1, 2, and 3 have PRB indices 0, 9, 18, and 27. Similarly, VRB indices 12, 13, 14, and 15 (PRB
indices 3, 12, 21, and 30) may constitute another search space of aggregation level 4.

[0190] The following Table 3 illustrates an example of the present invention in which a DVRB mapping rule is used to
determine an R-PDCCH search space.

2123
20122

Ti~1{=1{~-1
~1{-1j{-1

Table 3
PRB inde; | 6 1211314115116 23124
RBG 2 414 . 4[51158 718
1st slot 2212 13/17.-1i-1:-1 21123
2nd slot 1|23}¢ 1519 -1{-11-1 20122

[0191] A method for determining a search space of an R-PDCCH when the R-PDCCH has not been interleaved (i.e.,
when an R-PDCCH for only one RN is present in one RB) using a DVRB mapping rule defined in the downlink resource
allocation type-2 method in a system in which a system bandwidth of 32 RBs is given and each RBG includes 3 RBs is
described below with reference to Table 3. Here, the DVRB mapping rule may be used to determine the positions of
RBs (i.e., a search space) where an R-PDCCH can be transmitted rather than being used to schedule resources in
which a PDSCH (including an R-PDSCH) is transmitted.

[0192] For example, in the example of Table 2, PRBs indicated by PRB indices (i.e., PRB indices 0, 1, 9, 10, 18, 19,
27, and 28) corresponding to VRB indices 0 to 7 of the first slot may be used for R-PDCCH transmission. When the R-
PDCCH aggregation levels of all RNs are 1 (i.e., one PRB includes 1 CCE), one R-PDCCH may be transmitted in each
PRB. When the R-PDCCH aggregation levels of all RNs are 2, CCEs of aggregation level 2 may be mapped to PRB
indices 0 and 1 and other CCEs of aggregation level 2 may be mapped to PRB indices 9 and 10. In this manner, 2 PRBs
may be used to transmit 2 CCEs.

[0193] The embodiment of the present invention associated with Table 3 has the following differences from the DVRB
mapping scheme defined in the conventional downlink resource allocation type 2. First, using the mapping relationship
between VRBs and PRBs, PRBs in which an R-PDCCH can be transmitted may be specified and VRBs may then be
sequentially mapped to the specified PRBs. Namely, the mapping relationship between VRBs and PRBs may be used
only to determine PRBs (R-PDCCH PRBs) in which an R-PDCCH can be transmitted and VRB indices that have been
used to specify R-PDCCH PRBs may not be used to determine which PRBs constitute a search space according to the
aggregation level. For example, while VRB indices are used to determine PRBs in which an R-PDCCH can be transmitted,
PRB indices may be used to determine which PRBs in which an R-PDCCH of a specific aggregation level is actually
transmitted. In another sense, VRB indices may be newly mapped to PRB indices in increasing order of PRB indices of
R-PDCCH PRBs and a search space of aggregation level 2 may be determined through RBs corresponding to 2 VRB
indices which are adjacent to each other in the newly-mapped VRB indices. In the example of Table 3, R-PDCCH PRBs
may be determined to be PRBs corresponding to VRB indices 0 to 7 (PRB indices 0, 1, 9, 10, 18, 19, 27, and 28)
according to the DVRB mapping rule and, if VRB indices are newly-assigned in increasing order of PRB indices, the
PRB indices 0, 1, 9, 10, 18, 19, 27, and 28 are mapped to the newly-assigned VRB indices 0, 1, 2, 3,4, 5,6, and 7. The
search space of aggregation level 2 may include the newly-assigned VRB indices 0 and 1 (PRB indices 0 and 1), VRB
indices 2 and 3 (PRB indices 9 and 10), VRB indices 4 and 5 (PRB indices 18 and 19), and VRB indices 6 and 7 (PRB
indices 27 and 28).

[0194] In addition, when a non-interleaved R-PDCCH search space is determined, slot-based cyclic hopping may not
be performed in the second slot.
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[0195] When a number of aggregation levels are present together, R-PDCCH PRBs may be determined according to
the DVRB mapping rule and logical CCEs or VRB indices may be mapped to the determined R-PDCCH PRBs. That is,
when the aggregation level is L, L CCEs may be assigned to L adjacent PRBs among the determined R-PDCCH PRBs
(i.e., to L RBs which are adjacent to each other in the newly assigned VRB indices).

[0196] Next,an example ofthe presentinvention in which a VRB index at which a search space of a specific aggregation
level starts is determined is described as follows.

[0197] As shown in Tables 2 and 3, PRBs corresponding to VBR indices corresponding to 4k, 4k+1, 4k+2, and 4k+3
for a specific integer k are mapped to different RBGs (each of which includes 3 RBs) and a PRB mapped to VRB index
4k+4 is mapped to the same RBG as the PRB corresponding to the VRB index 4k. For example, PRBs corresponding
to VRB indices 0, 1, 2, and 3 are mapped respectively to RBGs 0, 3, 6, and 9 and a PRB corresponding to VRB index
4 is mapped to the same RBG 0 as the PRB corresponding to the VRB index 0. Here, the above mapping rule between
VRB indices and RBGs may not be directly applicable when the VRB index value is greater than the system bandwidth
(i.e., the total number of RBs). In this case, an RBG to which the corresponding VRB index is mapped may be specified
as an exception.

[0198] Taking into consideration such a DVRB mapping rule, a search space of aggregation level 1 may be configured
using one RB per RBG by determining candidate positions at which an R-PDCCH of aggregation level 1 can be transmitted
by limiting corresponding VRB indices to a set of specific values. For example, candidate R-PDCCH positions of aggre-
gation level 1 may be represented as PRBs corresponding to VRB indices 4k, 4k+1, 4k+2, and 4k+3 and may be limited
so as to satisfy the condition of the following Expression 21.

Expression 21
k=h-P+ offset

[0199] In Expression 21, h is an arbitrary (or specific) integer and P is RBG size. In addition, offset is given as an
integer which is equal or greater than 0 and less than 4 and corresponds to a value determining which PRB is selected
per RBG from among PRBs of the RBG. This offset value may be delivered to the RN through a higher layer signal or
may be implicitly determined by a parameter such as a cell ID. For example, in the example of Tables 2 and 3, if the
offset value is 0, a set of VRB indices corresponding to candidate positions of aggregation level 1 is {0, 1, 2, 3, 12, 13,
14,15, 22, 23}.

[0200] In this case, the candidate R-PDCCH positions of aggregation level 2 may be limited so as to use VRB indices
4k and 4k+1 or VRB indices 4k+2 and 4k+3 for k which satisfies the above condition. Thatis, a search space of aggregation
level 2 may be configured such that an R-PDCCH of aggregation level 1 is transmitted in PRBs corresponding to 2
consecutive VRB indices starting from an even VRB index among VRB indices of a search space of aggregation level
1. For example, an R-PDCCH of aggregation level 2 may be transmitted in PRBs corresponding to VRB indices {0, 1},
{2, 3}, {12, 13}, {14, 15}, or {22, 23}.

[0201] Similarly, a search space of aggregation level 4 may be configured such that an R-PDCCH of aggregation level
1is transmitted in PRBs corresponding to VRB indices 4k, 4k+1, 4k+2, and 4k+3 for k which satisfies the above condition
as candidate R-PDCCH positions of aggregation level 4. For example, an R-PDCCH of aggregation level 2 may be
transmitted in PRBs corresponding to VRB indices {0, 1, 2, 3} or {12, 13, 14, 15}.

[0202] The candidate R-PDCCH position determination method described above may be applied to a frequency lo-
calized R-PDCCH transmission scheme in order to maintain consistency with the R-PDCCH search space setting scheme.
In this case, the LVRB mapping rule may be applied to VRB-to-PRB mapping.

[0203] Although the positions of RBs corresponding to a search space of aggregation level 1 may be determined
according to a predetermined relationship in the above description of the present invention, the present invention is not
limited thereto and the eNodeB may directly signal which RBs correspond to the search space of aggregation level 1
through a higher layer. In this case, the R-PDCCH search space may be defined using a scheme of mapping between
a specific set of RB indices and RBs in which an R-PDCCH can be transmitted.

[0204] The following is a description of another example of the present invention associated with search space setting.
First, an R-PDCCH search space is defined using a scheme of mapping between an RB index set {ny, n,, ..., ny} and
RBs and the RB mapping scheme is classified into a frequency localized scheme and a frequency distributed scheme.
[0205] In the case of the frequency localized scheme, an R-PDCCH of aggregation level 1 may be transmitted in
(PRBs of) PRB indices ny, n,, ..., ny. If N exceeds the number of blind decodings allocated to aggregation level 1, PRB
positions at which an R-PDCCH can be transmitted may be limited to PRBs corresponding to the maximum number of
blind decodings of the aggregation level 1. In the case of aggregation level 2, one candidate R-PDCCH position may
be defined through a combination of 2 PRBs of PRB indices n; and n,+1. Similarly, the remaining candidate R-PDCCH
positions may be defined through a combination of n, and ny+1, ..., and a combination of ny and ny+1. Similar to the
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case of aggregation level 1, an R-PDCCH search space may be limited to PRBs corresponding to the maximum number
of blind decodings of aggregation level 2. Next, in the case of aggregation level 4, one candidate position may be defined
through a combination of 4 PRBs of nq, n4+1, n4+2, and n4+3. Here, PRB index n4+1 may indicate a next PRB in PRB
indices in which an R-PDCCH can be transmitted. If PRBs in which an R-PDCCH can be transmitted are limited to a
specific set through setting by the eNodeB, the PRB index n;+1 may be interpreted (or determined) as corresponding
to a PRB whose PRB index is greater than and closest to n; among PRBs belonging to the specific set. The same
interpretation may be applied to ny, n4+1, n4+2, and n+3.

[0206] In the case of the frequency distributed scheme, an R-PDCCH of aggregation level 1 may be transmitted in
VRB indices ny, n,, ..., ny. If N exceeds the number of blind decodings allocated to aggregation level 1, VRB positions
at which an R-PDCCH can be transmitted may be limited to VRBs corresponding to the maximum number of blind
decodings of the aggregation level 1. In the case of aggregation level 2, one candidate R-PDCCH position may be
defined through a combination of 2 VRB indices n; and n,+1. Similarly, the remaining candidate R-PDCCH positions
may be defined through a combination of n, and n,+1, ..., and a combination of ny and ny+1. Similar to the case of
aggregation level 1, an R-PDCCH search space may be limited to the maximum number of blind decodings of aggregation
level 2. Next, in the case of aggregation level 4, one candidate position may be defined through a combination of 4 VRBs
ofnq, ny+1,n4+2, and n4+3. Here, VRBs may be mapped to PRBs according to the bit-reversal scheme or DVRB mapping
scheme described above.

[0207] The following is a description of another example of the present invention associated with search space setting.
An R-PDCCH search space is defined using a scheme of mapping between an RB index set {n{, n,, ..., ny} and RBs
and the RB mapping scheme is classified into a frequency localized scheme and a frequency distributed scheme.
[0208] In the case of the frequency distributed scheme, an R-PDCCH of aggregation level 1 may be transmitted in
(PRBs of) PRB indices nq, n,, ..., ny. If N exceeds the number of blind decodings allocated to aggregation level 1, PRB
positions at which an R-PDCCH can be transmitted may be limited to PRBs corresponding to the maximum number of
blind decodings of the aggregation level 1. In the case of aggregation level 2, one candidate R-PDCCH position may
be defined through a combination of 2 PRBs of PRB indices n4 and n,. Similarly, the remaining candidate R-PDCCH
positions may be defined through a combination of n3 and ny, ..., and a combination of ny_4 and ny. Similar to the case
of aggregation level 1, an R-PDCCH search space may be limited to PRBs corresponding to the maximum number of
blind decodings of aggregation level 2. Next, in the case of aggregation level 4, one candidate position may be defined
through a combination of 4 PRBs of ny, ny, ny, and ny.

[0209] In the case of the frequency distributed scheme, an R-PDCCH of aggregation level 1 may be transmitted in
VRB indices ny, n,, ..., ny. If N exceeds the number of blind decodings allocated to aggregation level 1, VRB positions
at which an R-PDCCH can be transmitted may be limited to VRBs corresponding to the maximum number of blind
decodings of the aggregation level 1. In the case of aggregation level 2, one candidate R-PDCCH position may be
defined through a combination of 2 VRB indices n4 and n,. Similarly, the remaining candidate R-PDCCH positions may
be defined through a combination of n; and n,, ..., and a combination of ny_4 and ny. Similar to the case of aggregation
level 1, an R-PDCCH search space may be limited to the maximum number of blind decodings of aggregation level 2.
Next, in the case of aggregation level 4, one candidate position may be defined through a combination of 4 VRBs of ny,
Ny, N3, and ny. In other words, when a VRB index set of N VRBs is given as {n, n,, ..., ny}, candidate R-PDCCH positions
of aggregation level L may be defined as {nq, no, ..., n_.}, {N 41, N4, - Do}, {Nop s Nops oo N3phy oo {NNCL+1 DNCL#25 o9
ny}- Alternatively, when a VRB index set of N VRBs is given as {ng, n4, ..., ny.4}, candidate R-PDCCH positions of
aggregation level L may be defined as {ng, ny, ..., N1} {0, Npaqs oo Nopoqh N0 Nopsos oo N3 qd oo ANNCL DNAL+45 -0 NN-1)-
[0210] When candidate R-PDCCH positions or a search space of each aggregation level have been determined as
described above, a set of R-PDCCH start positions may be provided for each aggregation level. When a set of start
positions for aggregation level L is referred to as Set L, a set of start positions for each aggregation level may be
configured such that Set 1={nq 1, Ny 4, ..., Ny 1}, Set2={nq 5, Ny 5, ..., N\ 2}, Set4={nq 4, Ny 4, ..., N\ 4}, --.. Here, although
a set of start positions of each aggregation level may be configured to be mutually exclusive, each set may share some
elements or one set may include another set in order to efficiently utilize resources and to reduce signaling overhead.
For example, Set 1 may include Set 2 or Set 1 may include Set 4. In this case, Set 2 may not necessarily include Set 4.
[0211] In addition, a set of start positions of each aggregation level may be set so as to satisfy a predetermined
relationship between the start position sets of aggregation levels in order to further reduce overhead of signaling which
indicates the search space. In the case in which such a relationship is defined and applied, the receiving side can
determine signaling information of another set when signaling information of one set has been provided to the receiving
side.

[0212] In order to reduce signaling overhead, it is also possible to signal only the start position and length of a search
space rather than to directly signal RB positions which constitute the search space. Accordingly, it is possible to more
efficiently perform a resource multiplexing operation with the existing downlink resource allocation scheme.

[0213] In addition, it is possible to apply a method in which only one start position set is defined and the value of
element n of the set is set and interpreted as indicating the start position and length. For example, elements of such a
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setmay have values of 0 to 119 as shown in the following Table 4 and each element may be setto indicate a corresponding
start position (S) and length (L).

Table 4
Nloj1|2|3|a|s 678|910 1218 1
1lof1]l213[4]|5]|6|7[8]9|10f11]12]13]14
2 [ 15116 (17 1811920 |21 |22 |23 |24)25)|26|27 |28 |23
3 1303132133 34[35[36[37]38]39/[40]|41]42}43
4 14546 |47 |48 |49 [ 50 | 51|52 |53 {54 | 55 | 56 |
5 16061 |62]63]|64|65][66]67)|68]69]|70] L
6 [ 75|76 |77 | 78 |79 {80 |81|82|83|84 85
7 190]91192[93/94195]96]97]|98
8 1105/106|107]108[109|110]111}112
9 |119]118[117]116|115|114|113 ({120 11]
10 {104 [103]102[101/100| 99 | 98 | 07 | 96 1 95
11|89 (88187 86|85 | B4 188 &J|E1 B
12 |74 |73 | 72 | 71 | 40 | 69 | 63 | 67 | 66 | bF
13 [ 59 | 58 | 57 [ 86 |55 |54 | 63 159 | 51
14 144 143 LA2 AL 10 W00 00 8a |80 L ad e | o F o e L0
15 (20028 L0 oo g0 dh s 20 |21 20 W ISl 1615

[0214] For example, when an element of the set has a value of 47, this may indicate that the start position S is 2 and
the length L is 4. The value of length L of "4" also indicates that the search space is a search space of aggregation level
4. For example, if the element 47 (i.e., the element having a value of "47") is given when RB indices (VRB indices, PRB
indices, or arbitrary RB indices) which indicate RBs constituting an R-PDCCH search space are configured as {0, 1, 2,
3,4,5,6,7, ..}, it may be interpreted (or determined) that RBs corresponding to RB indices 2, 3, 4, and 5 constitute a
search space of aggregation level 4. In the case in which such a set is configured, there is no need to configure an
individual set of each aggregation level and there is also no need to provide additional information for discriminating the
search space of each aggregation level.

[0215] The eNodeB may transmit information indicating which R-PDCCH transmission scheme is used among the
two R-PDCCH transmission schemes described above (i.e., the frequency localized scheme and the frequency distributed
scheme) to the RN through a higher layer signal. Alternatively, the eNodeB may not provide information indicating the
R-PDCCH transmission scheme to the RN but instead the RN may operate to perform blind decoding on both R-PDCCH
transmission schemes to determine which transmission scheme is used among the two transmission schemes. For
example, a part of the entire search space of aggregation level 2 may be configured as resources of the same RBG and
the remaining part may be configured as resources of different RBGs and the RN may perform blind decoding on the
assumption that both transmission schemes are used.

[0216] FIG. 28 is a flowchart illustrating an exemplary method for transmitting and receiving an R-PDCCH.

[0217] In step S2810, an RN may determine candidate positions of an R-PDCCH which is transmitted in a first slot
and a second slot of a downlink subframe. For example, candidate R-PDCCH positions may be set as a VRB set including
N VRBs which may be provided to the RN through a higher layer signal. Since one candidate R-PDCCH position of a
higher aggregation level may be constructed of 2 adjacent candidate positions among candidate R-PDCCH positions
of a lower aggregation level, the RN may determine candidate R-PDCCH positions of the higher aggregation level from
the VRB set without receiving any signaling. Specifically, upon acquiring information regarding the VRB set, the RN may
assign numbers {ng, ny, ..., Ny_¢} to VRB indices, starting from the lowest VRB index and ending with the highest VRB
index, and may then determine candidate R-PDCCH positions of each aggregation level L as VRBs of {ng, ny4, ..., n__4},
{nL NLsqy o N ), {Nop, Nopeo, oo N3 ) oo NN DNCL#1s -5 NN-q)- Here, the same VRB set may be set in the first slot
and the second slot of the downlink subframe.
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[0218] In step S2820, the RN may monitor whether or not an R-PDCCH is being transmitted in a PRB mapped to a
VRB that has been determined as a candidate R-PDCCH position in step S2810. For example, the PRB and the VRB
may be determined according to the DVRB mapping rule and the distributed VRB-to-PRB mapping relationship may be
provided to the RN through a higher layer signal.

[0219] Instep S2830, upon determining through monitoring that an R-PDCCH is being transmitted, the RN may receive
downlink control information included in the R-PDCCH. The downlink control information may be downlink allocation
information or uplink grant information, the downlink allocation information may be included in the R-PDCCH transmitted
in the first slot, and the uplink grant information may be included in the R-PDCCH transmitted in the second slot. Here,
the R-PDCCH for the RN is not interleaved with an R-PDCCH for another RN. That is, it is assumed in the example of
the present invention that an R-PDCCH of only one RN is present in one RB.

[0220] Each of the various embodiments of the present invention described above may be independently applied or
2 or more thereof may be simultaneously applied to the RN R-PDCCH monitoring and reception method according to
the present invention described above with reference to FIG. 28 and redundant descriptions are omitted herein for clear
explanation of the present invention.

[0221] Although the various examples of the present invention have been described above mainly with reference to
control channel transmission from an eNodeB to an RN, it will be apparent to those skilled in the art that the principles
suggested by the present invention may be applied to an arbitrary downlink transmission entity (eNodeB or RN) and an
arbitrary downlink reception entity (UE or RN). For example, suggestions of the presentinvention associated with downlink
transmission from an eNodeB to an RN may be equally applied to downlink transmission from an eNodeB to a UE or
from an RN to a UE. In addition, for example, suggestions of the present invention associated with reception of a downlink
from an eNodeB by an RN may be equally applied to reception of a downlink from an eNodeB by a UE or reception of
a downlink from an RN by a UE. Specifically, the various embodiments suggested by the present invention may be
equally applied to an embodiment in which, when an arbitrary downlink reception entity performs blind decoding of a
control channel (for example, an advanced-PDCCH) in a first slot and/or a second slot of a downlink subframe, the
downlink reception entity operates to determine a candidate position at which the control channel can be transmitted
and to monitor the control channel to receive and acquire downlink control information through the control channel.
[0222] FIG. 29 illustrates a configuration of an eNodeB and an RN according to the present invention.

[0223] As shown in FIG. 29, an eNodeB 2910 according to the present invention may include a reception module
2911, a transmission module 2912, a processor 2913, a memory 1914, and multiple antennas 2915. The multiple
antennas 2915 indicate that the eNodeB supports MIMO transmission and reception. The reception module 2911 may
receive various uplink signals, data, and information from a UE or an RN. The transmission module 2912 may transmit
various downlink signals, data, and information to the UE or RN. The processor 2913 may control overall operation of
the eNodeB 2910.

[0224] The eNodeB 2910 according to an embodiment of the present invention may be configured so as to transmit
a control channel to an arbitrary reception entity. The processor 2913 of the eNodeB may be configured so as to provide
a set of VRBs at candidate positions at which a control channel can be transmitted to a downlink reception entity when
transmitting the control channel in a first slot and/or a second slot of a downlink subframe. When the eNodeB transmits
downlink control information (a downlink allocation and/or an uplink grant) through a control channel, the downlink
reception entity may acquire downlink control information through the control channel by performing blind decoding at
each candidate position at which the control channel can be transmitted.

[0225] The processor 2913 of the eNodeB 2910 may also perform a function such as arithmetic processing on infor-
mation received by the eNodeB 2910, information to be externally transmitted, or the like and the memory 2914 may
store arithmetically processed information or the like for a predetermined time and may be replaced with a component
such as a buffer (not shown).

[0226] As shown in FIG. 29, the RN 2920 according to the present invention may include a reception module 2921,
a transmission module 2922, a processor 2923, a memory 1914, and multiple antennas 2925. The multiple antennas
2925 indicate that the RN supports MIMO transmission and reception. The reception module 2921 may include a first
reception module and a second reception module. The first reception module may receive various downlink signals,
data, and information from the eNodeB and the second reception module may receive various uplink signals, data, and
information from a UE. The transmission module 2922 may include a first transmission module and a second transmission
module. The first transmission module may transmit various uplink signals, data, and information to the eNodeB and
the second transmission module may transmit various downlink signals, data, and information to the UE. The processor
2923 may control overall operation of the RN 2920.

[0227] The RN 2920 according to an embodiment of the present invention may be configured so as to receive a
downlink control channel. The processor 2923 of the RN may be configured so as to determine candidate positions at
which an R-PDCCH is transmitted in a first slot and a second slot of a downlink subframe. In addition, the processor
2923 may be configured so as to monitor whether or not the R-PDCCH is being transmitted at the determined candidate
positions. The processor 2923 may be configured so as to receive, upon determining through monitoring that an R-
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PDCCH is being transmitted, downlink control information included in the R-PDCCH through the reception module 2921.
Here, the candidate R-PDCCH positions may be set as a VRB set including N VRBs. In addition, one candidate R-
PDCCH position for a higher aggregation level may be configured through 2 adjacent candidate positions from among
candidate R-PDCCH positions for a lower aggregation level.

[0228] The processor 2923 of the RN 2920 may also perform a function such as arithmetic processing on information
received by the RN 2920, information to be externally transmitted, or the like and the memory 2924 may store arithmetically
processed information or the like for a predetermined time and may be replaced with a component such as a buffer (not
shown).

[0229] The configurations of the eNodeB and RN described above may be implemented such that each of the various
embodiments of the present invention described above may be independently applied or 2 or more thereof may be
simultaneously applied to the eNodeB and RN and redundant descriptions are omitted herein for clear explanation of
the present invention.

[0230] Although the exemplary description of FIG. 29 has been given with reference to MIMO transmission between
the eNodeB and the RN, it will be apparent to those skilled in the art that the description of the eNodeB 2910 of FIG. 29
may be applied to an arbitrary downlink transmission entity (¢éNodeB or RN) and the description of the RN 2920 of FIG.
29 may also be applied to an arbitrary downlink reception entity (UE or RN). For example, the configuration of the eNodeB
which is configured so as to perform downlink transmission to the RN as described above as an example with reference
to FIG. 29 may be equally applied to an eNodeB that performs downlink transmission to the RN or the RN that performs
downlink transmission to a UE. In addition, for example, the configuration of the RN which is configured so as to perform
downlink reception from the eNodeB as described above as an example with reference to FIG. 29 may be equally applied
to a UE that performs downlink reception from the eNodeB or a UE that performs downlink reception from the RN.
Specifically, the various embodiments suggested by the present invention may be equally applied to an embodiment in
which a downlink reception entity is configured so as to determine candidate positions at which an advanced downlink
control channel can be transmitted in a first slot and/or a second slot of a downlink subframe and to monitor the control
channel to receive and acquire downlink control information through the control channel.

[0231] The embodiments of the present invention described above may be implemented by various means. For ex-
ample, the embodiments of the present invention may be implemented by hardware, firmware, software, or any combi-
nation thereof.

[0232] In the case in which the present invention is implemented by hardware, the methods according to the embod-
iments of the present invention may be implemented by one or more Application Specific Integrated Circuits (ASICs),
Digital Signal Processors (DSPs), Digital Signal Processing Devices (DSPDs), Programmable Logic Devices (PLDs),
Field Programmable Gate Arrays (FPGASs), processors, controllers, microcontrollers, microprocessors, or the like.
[0233] In the case in which the present invention is implemented by firmware or software, the methods according to
the embodiments of the present invention may be implemented in the form of modules, processes, functions, or the like
which perform the features or operations described below. Software code can be stored in a memory unit so as to be
executed by a processor. The memory unit may be located inside or outside the processor and can communicate data
with the processor through a variety of known means.

[0234] The detailed description of the exemplary embodiments of the present invention has been given to enable
those skilled in the art to implement and practice the invention. Although the invention has been described with reference
to the exemplary embodiments, those skilled in the art will appreciate that various modifications and variations can be
made in the present invention without departing from the spirit or scope of the invention described in the appended
claims. For example, those skilled in the art may combine the structures described in the above embodiments in a variety
of ways. Accordingly, the invention should not be limited to the specific embodiments described herein, but should be
accorded the broadest scope consistent with the principles and novel features disclosed herein.

[0235] Those skilled in the art will appreciate that the present invention may be embodied in other specific forms than
those set forth herein without departing from the spirit and essential characteristics of the present invention. The above
description is therefore to be construed in all aspects as illustrative and not restrictive. The scope of the invention should
be determined by reasonable interpretation of the appended claims and all changes coming within the equivalency range
of the invention are intended to be embraced within the scope of the invention. The invention should not be limited to
the specific embodiments described herein, but should be accorded the broadest scope consistent with the principles
and novel features disclosed herein. In addition, it will be apparent that claims which are not explicitly dependent on
each other can be combined to provide an embodiment or new claims can be added through amendment after this
application is filed.

[Industrial Applicability]

[0236] The embodiments of the present invention described above may be applied to various mobile communication
systems.
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Claims

1.

10.

1.

12.

A method for a relay to receive downlink control information from a base station through a Relay-Physical Downlink
Control Channel (R-PDCCH), the method comprising:

determining a candidate position at which the R-PDCCH is transmitted in a first slot and a second slot of a
downlink subframe;

monitoring whether or not the R-PDCCH is being transmitted at the determined candidate position; and
receiving, upon determining through the monitoring that the R-PDCCH is being transmitted, the downlink control
information included in the R-PDCCH,

wherein the candidate R-PDCCH position is set as a Virtual Resource Block (VRB) set including N VRBs, and
one candidate R-PDCCH position of a higher aggregation level includes a combination of 2 adjacent candidate
positions among candidate R-PDCCH positions of a lower aggregation level.

The method according to claim 1, wherein the VRBs of the VRB set are assigned numbers {ng, n4, ..., ny_¢}, starting
from a lowest VRB index and ending with a highest VRB index, and
respective candidate R-PDCCH positions of aggregation levels L are determined as VRBs of {n,, ny, ..., n__4}, {n,,

Nt oo Nop b AN Nop s ooy N qds o AN ONCL+s -0 DN-1)-
The method according to claim 1, wherein the R-PDCCH is not interleaved with another R-PDCCH.

The method according to claim 1, wherein the candidate R-PDCCH position is determined according to distributed
VRB-to-Physical Resource Block (PRB) mapping.

The method according to claim 4, wherein the VRB set and the VRB-to-PRB mapping are set by a higher layer signal.

The method according to claim 1, wherein the downlink control information is downlink allocation information included
in an R-PDCCH transmitted in the first slot or uplink grant information included in an R-PDCCH transmitted in the
second slot.

The method according to claim 1, wherein the same VRB set is set in the first slot and the second slot of the downlink
subframe.

A relay for performing downlink signal in a wireless communication system, the relay comprising:

a reception module for receiving a downlink signal from a base station;

a transmission module for transmitting an uplink signal to the base station; and

a processor for controlling the relay including the reception module and the transmission module,

wherein the processor is configured to determine a candidate position at which a Relay-Physical Downlink
Control Channel (R-PDCCH) is transmitted in a first slot and a second slot of a downlink subframe, to monitor
whether or not the R-PDCCH is being transmitted at the determined candidate position, and to receive, upon
determining through the monitoring that the R-PDCCH is being transmitted, the downlink control information
included in the R-PDCCH through the reception module,

wherein the candidate R-PDCCH position is set as a Virtual Resource Block (VRB) set including N VRBs, and
one candidate R-PDCCH position of a higher aggregation level includes a combination of 2 adjacent candidate
positions among candidate R-PDCCH positions of a lower aggregation level.

The relay according to claim 1, wherein the VRBs of the VRB set are assigned numbers {n, n4, ..., ny_4}, starting
from a lowest VRB index and ending with a highest VRB index, and
respective candidate R-PDCCH positions of aggregation levels L are determined as VRBs of {ng, n4, ..., n__¢}, {n.,

MLty - Nopoad N2, Nopeg,s oo N3Logdy - AN N -0 NNCA-

The relay according to claim 1, wherein the R-PDCCH is not interleaved with another R-PDCCH.

The relay according to claim 1, wherein the candidate R-PDCCH position is determined according to distributed
VRB-to-Physical Resource Block (PRB) mapping.

The relay according to claim 1, wherein the VRB set and the VRB-to-PRB mapping are set by a higher layer signal.
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13. The relay according to claim 1, wherein the downlink control information is downlink allocation information included
in an R-PDCCH transmitted in the first slot or uplink grant information included in an R-PDCCH transmitted in the
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second slot.

14. The relay according to claim 1, wherein the same VRB set is set in the first slot and the second slot of the downlink

subframe.
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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FIG. 19
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FIG. 28
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